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INTRODUCTION 
The only known naturel method of formation of vitsmln A 
is by degradation of carotenoids. All higher animals require 
vitpmin A end must acquire it either by ingesting the vitamin 
itself or by ingesting a carotenold provitemin end converting 
it to vitemin A. Only plant life possesses the enzymetic 
systems required for cerotenold synthesis. Some of these 
plant enzymes pre specific oxidases es is evidenced by the 
large quantities of oxidized carotenoids of specific structure 
that exist in nature", e,.g. the xanthophyll series. However, 
one oxidation product of cerotenolds, vitamin A, is unknown 
in plants. 
It seems reasonable to conjecture that animal life 
possesses an enzyme or series of enzymes not found in plants 
that catalyze the conversion of provitamin cprotenoids to 
vitamin A. If vitamin formation resulted from a non-specific 
oxldption process, it would seem strange that the vitamin is 
not found even In trace amounts in plant life where cpro­
tenoids abound but can rapidly be formed from small amounts 
of carotenoids taken in by animals. 
Elucidation of the mode of action of this hypothesized 
enzyme system would explain the key reaction which is the 
source of all natural vitamin A. It might also be hoped that 
an understanding of this process would throw some light on a 
fruitful approach to studying the systemic mode of action of 
? 
vitamin A. 
The problem of conversion of the provitamin carotenoids 
to vitamin A has been actively investigated for 30 years. 
During this time attention has been centered upon the conver­
sion of beta-carotene because it has the most provitamin 
activity of all the carotenoids. No enzyme system yet has 
been isolated that will convert beta-carotene primarily be­
cause no in vitro system has been devised that would bring 
about the conversion. 
The investigations described in the experimental section 
of this thesis were performed in an effort to develop such an 
In vitro system- Much of the work was devoted to testing 
prescribed analytical procedures and to developing a superior 
procedure for the detection and estimation of minute amounts 
of vitamin A formed in the presence of high concentrations of 
carotene and lipid. 
The tissue used as a potential enzyme source was rat in­
testine. Reasons for the selection of rat intestine stem 
from the results of previous work (discussed in the literature 
review) that established the intestine as the site of effi­
cient in vivo conversion. 
In a biochemical system capable of converting carotene 
to vitamin A, it is necessary to present a water insoluble 
substrate in suitable form for enzyme catalysis to take place 
in an aqueous system. Synthetic end natural emulsifying 
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agents were tested for conversion-promoting effectiveness. 
Other factors that might have a profound influence on conver­
sion, such as anaerobic and aerobic incubation, antioxidants 
for the preservation of labile carotene, and incubation time 
and temperature, also were investigated. 
The studies reported herein were with in vitro systems 
with conditions varied to test the effectiveness of vitamin A 
formation from beta-carotene. The purpose was to develop an 
efficient in vitro converting enzyme system with long range 
goals of purification of the system for conversion in a bio­
chemically defined system and elucidation of the mechanism 
of the conversion. 
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LITERATURE REVIEW 
It has been 30 years since Moore (l) first established 
beta-carotene as a precursor of vitamin A by recording an in­
crease in the vitamin A liver stores of rats receiving caro­
tene . During the interval since this discovery to the present 
time a number of investigators have sought to elucidate the 
mechanism of the conversion of beta-carotene to vitamin A. 
The fact that the mechanism still remains obscure is due 
chiefly to the failure to develop in vitro systems capable 
of performing the conversion. 
This review deals with research preliminary to and essen­
tial for the clarification of the mechanism of conversion of 
beta-carotene to vitamin A in living systems. The work to 
be reviewed Includes that which established the formation of 
vitamin A from beta-carotene by in vivo and chemical means, 
that which established the site of in vivo conversion and 
factors influencing the conversion efficiency, and finally 
the work on the development of in. vitro systems capable of 
converting carotene to vitamin A. 
Several excellent reviews have been written on the sub­
ject of vitamin A formation from carotene. In 1951 Kon and 
Thompson (?) reviewed early work including the establishment 
of the intestine as the site of conversion. In 1956 Morton 
and Goodwin (3) provided a general review of vitamin A re­
search while Lowe and Morton (4) published a more compre-
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henslve review of the conversion problem in an article 
limited to several aspects of vitamin A research. In 1957 
Moore's book, "Vitamin A", (5) which reviews all aspects of 
vitamin A including the conversion problem, was published. 
In vivo Conversion 
The first evidence of vitpmln A formation from beta-
carotene was obtained by Moore (1, 6, 7). Vitamin A depleted 
rats were given daily doses of carotene and sacrificed at in­
tervals. Liver analyses showed increasing vitamin A stores 
with increasing length of time during which carotene was ad­
ministered. Capper et al. (8) confirmed the results by 
demonstrating conversion in chickens. By taking small pieces 
of liver from rabbits by biopsy, Wolff et. al. (9) found that 
the vitamin A content of liver Increased after injections of 
carotene. 
Early workers ( 10) hypothesized that the vitamin A activ­
ity of beta-carotene could be due to symmetrical fission at 
the central position of unse.turation with one molecule of 
beta-carotene generating two molecules of vitamin A. Much 
later Glover and Redfearn (ll), noting that in vivo yield 
does not exceed 50% of the theoretical by central cleavage, 
presented evidence that initial oxidative attack occurs at a 
terminal double bond and that vitamin A is formed after suc­
cessive oxidative degradations of apo-carotenals. 
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Chemlcel Conversion 
The problem of central oxidative fission was Investigated 
In purely chemlcel systems. The central double bond of beta-
carotene might be considered most vulnerable to reagent attack 
because of its symmetrical and lerst sterically hindered posi­
tion. Opposed to favorable stereochemical aspects, however, 
is the supposition that double-bond interaction In an extended 
system of conjugated double-bonds of this tyne would be ex­
pected to impart maximal single-bond character at the center 
and thus render this center less favorable to electrostatic 
orientation of the attacking reagent molecule (l?, 13). 
Controlled oxidations with chromic ecld end with lead 
tetraacetate (14) and with permanganate (15) resulted in 
initial end oxidation of the beta-ionone ring to long chain 
cerbonyl compounds but no vitamin A aldehyde. In 1945, how­
ever, with hydrogen peroxide Hunter and Williams (15) obtained 
small amounts of vitamin A aldehyde io.5%). Five years later 
Wendler et si. (13), using osmium tetreoxide as catalyst, 
obtained vitamin A in 30$ yield with HpOp as the oxidant. 
Peroxidation of beta-carotene to form vitamin A aldehyde 
as an intermediate in vitamin A formation is consistent with 
the fact that vitamin A aldehyde has not been Isolated from 
any animal organs except the eye. Glover et al. (l?) were 
unable to recover vitamin A aldehyde after oral dosing except 
from stomach and Intestinal contents. All absorbed vitamin A 
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aldehyde In the Intestine! well h*>d been reduced to vitemln A 
elcohol end most of the elcohol hed been esterifled. 
In vivo reseerch hes established thet vitemin A is formed 
from bete.-ce rote ne in good yield. Chemlcel studies heve 
shown thet the conversion could be performed with inorgenic 
systems ^Iso in good yield. The next step in understending 
the In vivo process wes to find the site of conversion so 
thrt more controlled studies could be mede. 
Site of Conversion 
Liver 
Work on establishing the site of conversion with in vivo 
end in vitro systems begen es soon es Moore esteblished bete-
cerotene as e provitemin. This wes in 1930, 15 yeers before 
successful conversion of bets-cerotene to vitemin A by chemi­
cal systems. Workers prior to 1947 believed the liver to be 
the site of conversion. Thus, for more then 15 yeers studies 
were performed using liver es the blochemicel system. A 
number of reports of conversion with liver contributed to 
msinteining confidence thet the liver weP the site of conver­
sion. 
The first conversion ettempts with liver were performed 
by von Euler »nd von Euler (18) with sherk liver and by Ahmed 
(19) with memmalian liver. Both felled to demonstrete con­
version. However in 193? Olcott end McCenn (PO) claimed 
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separation of the "bete-cerotenase" enzyme from liver tissue. 
Homogenized liver of a vitamin A deficient rat v:as incubated 
with en aqueous dispersion of beta-carotene in ethyl leurete. 
The spectrum of the nonssponifieble extrect showed a neak at 
•398 mu• Without beta-carotene no peek occurred. Incubetlon 
of beta-carotene with a toluene-water extrect of e liver 
autolyzete showed the same spectrel confirmetion of vitamin A. 
The control in which the extrect wes boiled nrior to incuba­
tion showed e spectrum with no peek et the vitemln A absorp­
tion meximurr. 
Von Euler and Kluesmenn ( ?l) flso claimed, conversion and 
cerotenase isolation from cow liver es cid Perienti and Re!11 
(oo) from dog liver. 
All three proups delved conversion of carotene to vite­
mln A with a water soluble extract of liver tissue. Other 
workers were not able to verify these results. Re» »nd Drum-
mo nd (^3) repeated Olcott end McCenn's experiment but found, 
no vitamin A. Drummond. and KacWelter (°4) were unable to 
obtain conversion with homogenized liver or with liver thet 
had absorbed intravenously Injected carotene before removal 
of the organ. Woolf end Moore (95) pointed out en^lytlc^l 
complications in spectrogrenhic, colorimetrlc, end biologicel 
assays and suggested combinetlons of ell these types of 
anelyses for more convincing evidence of vitamin A formation. 
In vivo experiments contributed additional evidence that 
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the liver is not the site of conversion. Drummond end 
MacValter (°5) injected colloïde! carotene into the portal 
vein and observed the appearance of orange carotene granules 
in the Kupfler cells of the liver but no vitpmln A formption. 
Other workers (9?, 98) PISO obtained feeble evidence of con­
version with carotene injected either intravenously or sub-
cutaneously. 
Intestine 
The fact that only minute amounts of vit.pm.in A were 
formed from, injected carotene while large amounts were formed 
from, oral dosages of carotene caused some to doubt the liver 
as the site of conversion. In one study Sexton et £l. (°8) 
found rats dying of vitamin A deficiency with enough beta-
csrotene deposited in the liver to provide adequate oral dos­
ages to prevent deficiency for a year. 
Msttson et. si. (99) investigated the role of the intes­
tine as the possible converting tissue. Vitamin A deficient 
rats were dosed with carotene dissolved in oil and sacrificed 
at intervals up to 6 hours after dosing. The livers »nd in­
testines were analyzed for vitamin A and beta-carotene. The 
results showed higher level's of vitamin A in the intestine 
than the liver at first. As the time interval increased be­
tween dosage and sacrifice liver levels increased. This sug­
gested vitamin A formation in the intestine with subsequent 
10 
transfer to the liver. Glover et £l. (30, 31) confirmed these 
results. 
The most comprehensive work on the intestine as the site 
of conversion was performed by Thompson et aJL. (3°, 33, 34). 
The enperrpnce of vitamin A in the wall of the sm«ll intes­
tine before sppe^r^nce in the liver and blood w^s confirmed. 
Vitamin A was detected in the well of the smell intestine as 
soon PS 15 minutes rfter dosing. The appearance of vitamin A 
in the lymph of the Dig °nd the rat was detected by ultra­
violet spectrophotometry pnd fluorescence under ultraviolet 
irradiation. Vitamin A in the contents of the small intes­
tine WPS found to be transferred from the well after depth. 
Sectionpl analysis of the small intestine showed the highest 
concentration of vitamin A to be in the middle sections. Most 
of the vitamin A formed was esterifled. 
Alexander and Goodwin (35) demonstrated in r-^ts conver­
sion of carotene to vitamin A in Intestines cannulated with 
polyethylene tubing. Mattson (36) confirmed his earlier re­
sults with Mehi and Deuel by purifying the vitamin A in the 
non-saponifiable intestinal extract. The vitamin was sepa­
rated from carotene by partitioning between methyl alcohol 
and light petroleum, then further purified by absorption 
chromatography on magnesia. The ultraviolet absorption 
spectrum of the fluorescent band from the magnesia column was 
characteristic of vitamin A with absorption maximum at 398 mu. 
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These experiments contributed strong evidence thet the 
Intestine is the site of conversion. Cheng and Deuel (-37) pnd 
Thompson et si. (38) confirmed the conversion in the intestine 
of the chick. Work Also WPS performed to determine whether 
conversion tpkes place In the lumen before absomtion or in 
the wall pfter Pbsorptlon. The e^rly work of Thompson et si. 
(30), which established the intestine »s the site of conver­
sion, suggested the wall PS the site of conversion. Slbbpld 
pnd Hutcheson (35) reported thrt conversion occurs in the 
wall of p llgptured duodenal loon of the chicken. They PISO 
found th^t continuity of the P11mentpry cpnpl WPS not essen­
tiel for conversion but that the blood sunply to the duodenal 
wall WPS essentipl for vitpmln A formation from betp-çprotene. 
This suggests th»t conversion occurs in the Intestinal wall. 
Greenberg (40) cpme to s different conclusion. Working 
with unstained frozen tissue sections and identifying vitamin 
A end carotene by fluorescence, he found th»t vitamin A WPS 
first recognizable 5 to 15 minutes pfter a cprotene meal 
within the intestinal lumen just adjacent to the tips of the 
villi. His data suggested thrt the conversion is an extra­
cellular process. More evidence is needed to determine 
whether conversion is effected in the lumen or the wall. 
Other sites 
The large number of failures to convert carotene to 
vitamin A in the liver during the period from 1930 to 1947 
1» 
led to the search for other sites of conversion. The studies 
discussed In the previous section, beginning in 1947, estab­
lished conversion in the intestine. However, more recent work 
h*>8 indicated the Intestine is not the only possible site of 
conversion although it appears to be the most important. 
As early P B  1946 Tomarelll (4l) found that intramuscular 
injections of beta-carotene and alpha-tocopherol dispersed in 
Tv;een 80 were as effective in curing vitamin A deficiency as 
equivalent amounts of carotene given orally. 
Blerl and Sandman (4<3) confirmed that intramuscularly 
injected carotene relieves vitamin A deficiency in rats al­
though they did not find this route as effective as oral 
administration. They also found that carotene dissolved in 
oils is Ineffective in relieving vitamin A deficiency but when 
dispersed in Tween 40 it becomes effective. Blerl and Pollard 
(43, 44) demonstrated that conversion is not dependent on the 
small intestine. In one experiment vitamin A va s formed in 
rats with the bile duct llgated end severed before carotene 
was Injected. This prevented the transport of injected caro­
tene by the bile to the gut. In another experiment dispersed 
injected carotene was converted to vitamin A even though the 
small intestine, kidneys and most of the liver had been re­
moved- before injection. 
Kon et. al. (45) also found in rats that intravenously 
injected carotene dispersed in Tween 40 gave rise to increased 
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blood end liver levels of vitamin A. Worker (46) found thet 
conversion of intravenously administered csrotene dispersed 
in Tween 40 to vitamin A was not adversely effected in hepe-
tectomlzed-eviscersted rets. In even more drastic terminal 
experiments, McGlllivrey et al. (47) reported that the forma­
tion of vitamin A from en aqueous dispersion of carotene ad­
ministered intravenously was unaffected by the complete re­
moval of the liver, stomach, small intestine, large intestine, 
pancreas, kidneys, adrenals, and gonads. Worker (48) found 
thet the increase in blood levels of vitamin A 5 minutes after 
carotene injection was as great in rats with lungs removed 
as in those which were decanitated as in controls. 
Extraintestinal conversion has not been as conclusively 
observed in other species. Eaton ej; al. (49) reported limited 
conversion in 5airy calves, while Kon et al. (45) found little 
evidence of conversion. Klosterman et .el. (50) found no in­
crease in vitamin A in the blood of vitamin A deficient lambs 
after intravenous Injection of carotene dispersed in Tween ?o. 
However Church et al. (51, 5?) found a significant increase 
with an intravenous injection of solubilized, aqueous carotene 
preparation. Klrschman and MacVicar (53) found that intra­
venously administered carotene dispersed in Tween 40 vas con­
verted in ileectomized sheep. 
Hentges et el. (54) noted a disappearance of the symptoms 
of vitamin A deficiency in pigs when water-miscible carotene 
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preparations were administered by both intravenous end intra­
muscular injection. Kon et al. (45) obtained conversion in 
rabbits and Blerl and Edwards (55) in chicks by injecting 
carotene dispersed in Tween 40. Bonfente (56, 57) porpoeed 
that conversion can occur In the lungs, e conclusion drewn 
after he demonstrated thet oxen allowed to absorb an aerosol 
(water containing carotene, 50 mg. per 100 ml) showed a de­
crease in blood carotene content end en increese in the vita­
min A content of the blood. 
The observations cited above strongly suggest thet other 
organs besides the small intestine ere capable of transforming 
carotene into vitamin A, especially if the carotene is col-
loidelly dispersed by e surfece active agent. In most cases 
the conversion by injected routes did not epproach the effi­
ciency of the oral route. The smell intestine appears to be 
the most important site of conversion, but other sites also 
possess the capacity to convert carotene to vitamin A. 
Factors Influencing Conversion 
Claims have come from many laboratories that certain co-
factors have a profound effect on the in vivo efficiency of 
the conversion of carotene to vitamin A. The literature on 
this subject was reviewed thoroughly by Lowe and Morton (4). 
Only a brief general discussion will be undertaken here. Lowe 
and Morton1s review should be consulted for a detailed pre-
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sentetlon and originel references. 
Vitamin A formation from carotene hps been linked with 
the level of certain hormones (thyroxine, insulin end adrenal 
hormones), with several vitamins (tocopherols and vitamin B^o), 
with phosphate end with antibiotics. 
Evidence showing that thyroxin Increases conversion of 
carotene to vitamin A and that compounds having antithyroid 
activity (such as thlourecll) inhibit conversion is balanced 
by evidence from other laboratories showing that these com­
pounds have no effect on the conversion. 
The literature on insulin effects also suffers from con­
tradictory reports. However, in 1953, Rosenberg and Sobel 
(58) demonstrated that vitamin A deficient rats stored four 
times as much vitemin A, after carotene administration by 
stomach tube, as similarly treated deficient r°ts with alloxan 
diabetes. Diebetes was induced by subcutaneous injections of 
alloxan. Diabetic rats stored orally fed vitamin A es well 
as non-diabetic rats, indicating poorer absorption of carotene 
by the diabetic rat. It was not proved that insulin could 
reverse this effect. 
Regarding adrenal hormones, Clerk and Colburn (59) have 
demonstrated that cortisone treatment impairs formation of 
vitamin A from carotene and decreases depletion time for vita­
min A starved rats. 
Most of the vitamin work on the effect of tocopherol 
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level on vitamin A formation has led to the conclusion thet 
smell amounts of vitemin E have e synergistic effect on vita­
min A formation fro? cerotene while larger amounts have an 
inhibitory effect (60). This work also showed thet tocopher­
ols had no effect on cerotene or vitemin A absorption and 
that they markedly protected carotene from oxidative destruc­
tion . Presumably at low levels the tocopherol role is thet 
of an antioxidant thet suppresses non-specific oxidative 
degradation of cerotene but at higher levels suppresses the 
oxidative process involved In the conversion of cerotene to 
vitemin A. 
This role is not conclusive, however, since there are 
several non-conforming reports in the literature. Blerl (61) 
found that when beta-carotene was dispersed in aqueous Tween 
40 and injected into rets dosed with large amounts of toco­
pherol no inhibition of conversion occurred. Unless the 
enzyme-converting system is different when cerotene is admin­
istered by parenteral routes this finding does not support 
earlier studies. 
Tepnel (6?, 63) has shown thet alpha-tocopherol end other 
antioxidants with in vivo vitemin E activity effectively 
Inhibit in vitro oxidation of unsaturated fetty acids and 
concurrent oxidative destruction of vitemin A catalyzed by 
hematln compounds. 
There is some evidence that vitamin B^p is involved in 
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the conversion of carotene to vitamin A. The results of 
numerous studies as to the role, if any, of phosphate on con­
version Pre contradictory and do not encourage generalization. 
Experimentation has indicted that several antibiotics, in­
cluding aureomycin and chlortetracycline, enhance conversion. 
This area of investigation is reported in detail in the review 
by Lowe and Morton (4). 
In vitro Conversion Studies 
The work reviewed in this section was performed in order 
to find a biochemical system of known components capable of 
converting carotene to vitamin A. The in vitro work was per­
formed with intestinal tissue and began about the time, 1947, 
the intestine was shown to be the primary site of conversion. 
Earlier in vitro studies with liver tissue carried out when 
the liver was believed to be the site of conversion were dis­
cussed above in the section on liver. 
Concurrent with the report establishing the small intes­
tine as the site of conversion, Deuel's group presented evi­
dence for in vitro conversion in the small intestine of vita­
min A depleted rats (64). 
The animals were stomach tubed with one ml of caro­
tene solution and sacrificed immediately. The caro­
tene concentration was 310 ug/ml and the solution 
was stabilized with "Tween"containing 0. 5f- of 
. alpha-tocopherol. 
The carotene was immediately washed from the 
stomach into the Intestine with Ringer-Locke 
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solution end the intestine removed after ligation 
at the pylorus end ileocaecal valves. The intes­
tines were incubated in Ringer-Locke solution under 
anaerobic conditions for 3 hours at 37 C; they were 
then removed from the bath, the contents flushed 
out with 0.9# saline and the washings discarded. 
The intestinal wall was saponified, extracted and 
the vitamin A determined by the Garr-Price reaction. 
(64, p. 76) 
The results of 18 such experiments showed vitamin A for­
mation in every case end en average of 8.7 I.U. (P.6 ug) per 
intestine. The controls showed 4 to 6 I.U. of vitamin A per 
intestine. However, these did not show the color character­
istic of vitamin A but were ember end did not fade on stand­
ing. 
Glover et al. (31) In 1948 also attempted in vitro con­
version with intestine. They used beta-carotene in peanut oil 
and lecithin rather than tocopherol. The analysis for vitamin 
A was both by the Cerr-Prlce test modified for carotene con­
tribution and by taking ultra violet absorption spectrum cor­
rected by the Morton Stubbs method (65, 66). No vitamin A 
formation was detected. However, 5 hours were allowed to 
pass between dosing end sacrifice, perhaps time enough for 
most of the carotene to pass out of the gut wall. Also the 
animals were aneasthetlzed before the intestines were removed. 
Stellcup and Herman (67) in 1950 reported in vitro con­
version of Tween 80 dispersed carotene to vitamin A with whole 
sections of small intestine end also with minced liver. The 
method of analysis was the Cerr-Prlce reaction. 
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The following year McGlllivray (68) obtained evidence of 
conversion with excised, llgated sections of sheep intestine. 
In six experiments an average of 7.9 /ig of vitamin A was found 
in the controls end 18.8 jag in the test sections incubated 
with beta-carotene dispersed in aqueous Tween 80. After incu­
bation, the intestines were flushed, saponified and extracted 
with petroleum ether. The non-sanonifiable extract was 
chrometographed on a magnesia-Hyflo-Supercel column. Vitamin 
A was measured by two methods. Activated glycerol dichloro-
hydrln was used (69) and the absorption spectrum was taken. 
As in many of the earlier studies on the conversion prob­
lem, confirmation was not forthcoming. Kon end Thompson (?) 
in their 1951 review mentioned briefly that they were unable 
to effect conversion by perfusion of surviving ret intestine. 
A paper from Indie (70) the seme yeer reported failure to 
demonstrate the in vltro conversion of cerotene by ret intes­
tine. In 1953, Rosenberg end Sobel (?l) repeated the work of 
Wiese et al.. (64) but obtained no evidence of conversion. 
Instead of the characteristic blue, a brownish color was ob­
tained with antimony trichloride end greenish-yellow Instead 
of the magenta color with activeted glycerol dlchlorohydrin. 
In a careful study in 1953, Blerl and Pollard (7?) found 
little or no vitamin A formation. In the manner of previous 
investigations they incubated Tween-dispersed carotene various 
lengths of time in rabbit, ret and calf smell intestine. 
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After saponification and extraction, removal of sterols, and 
chromatography on alumine, vitemin A estimation was made by 
three different procedures; the Cerr-Prlce test, activated 
glycerol dlchlorohydrln, and the absorption spectrum. These 
workers claim that 1 jig of vitemin A can be Identified by 
this scheme but in eight experiments with ret intestine only 
one indicated vitamin A formation, 1.4 jig. In several ex­
periments a flattened absorption maximum appeared et the vite­
min A maximum (3<>8 mji) but the color tests were negative. 
Results also indicated no vitemin A formetlon with rabbit and 
calf small intestine. Homogenetes of liver tissue to which 
was added pyruvate, coenzyme I, ATP, liver and pancreatin 
tissue, pancreatlve bile salts, and blood also failed to con­
vert carotene to vitamin A. 
However, another report in 1953 Indicated vitamin A 
formation. Rosenberg and Sobel (71), after being unable to 
confirm the results of Wiese et, al. (64), found vitemin. A 
formation by a different method of analysis. The experimental 
procedure of Wiese et al. was used except that vitamin A was 
analyzed by the destructive irradiation method that Bessey 
&t al. (73) had employed for serum vitamin A analysis. Re­
sults obtained with 10 rat intestines showed a mean vitamin 
A formation of 4.^4 jug compered with 9.6 jig in the experi­
ments by Wiese et al. 
In 1957, Rogers (74) provided evidence that the photo­
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sensitive material that led Rosenberg and Sobel to report 
vitamin A formation was not vitamin A but a pseudc vitamin A 
occurring in the intestines of vitamin A deficient rats. This 
unidentified material was distinguished from vitamin A by 
paper chromatography. Rogers found no evidence of vitamin A 
formation in an extensive investigation of fractions of 
homogenized rat intestines incubated with cprotene dispersed 
In synthetic detergents and bile salts in the presence of a 
number of additives tested as potential cofactors. 
Evidence for conversion e s again presented from a 
Canadian laboratory (75) in 1959. Small but definite amounts 
of vitamin A formation were detected when aqueous Tween 60 
dispersions of carotene were incubated in chick duodenum and 
with chick liver homogenete. The amount of conversion appear­
ed to be proportional to the amount of provitamin Added. 
About 1 percent of the carotene was accounted for as vitamin 
A. Slightly superior efficiency of conversion was observed 
with the liver homogenete. The Carr-Prlce test was used to 
identify vitamin A end these workers have expressed some con­
cern that contamination by cprotene pigments could have con­
tributed to the vitamin A levels found. 
In 1960, Olson (76) provided evidence thpt sodium glyco-
cholate is required in the intestinal conversion of betP-
carotene to vitamin A. His method of analysis made use of 
radioactive beta-carotene. Radioactive vitamin A was iden-
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tifled by chromatographic characterization on alumine. Vita­
min A was characterized first as the ester end then PS the 
alcohol, aldehyde, and semicarbazone. 
Olson had previously claimed (77) a bile requirement when 
he found that washed ligpted intestinal loops converted caro­
tene to vitamin A only when the bile duct was not ligeted. 
When bile salts were added instead of natural bile, sodium 
glycocholate was found to be as effective as natural bile 
and sodium cholate about 30% as effective. Sodium oleate, 
sodium deoxycholete, cephalin and Tween ?0 were ineffective. 
As in other claims of conversion the amount of vitamin 
A formed V;PS small, less than one pg. However, In this cese 
small doses of beta-carotene ( 10 pg In the presence of sodium 
glycocholete)• were used so that better than 5% conversion was 
observed in ligated intestinal loops and ?.5$ with intestinal 
slices. It was not demonstrated that this conversion effi­
ciency would hold at higher dosage levels. Olson suggests 
that glycocholate, and perhaps other bile salts, are specif­
ically required for the conversion of beta-carotene to vitamin 
A in the Intestine. 
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MATERIALS AND METHODS 
The chemicals that were required during the course of 
this investigation of the conversion of beta-carotene to 
vitamin A ere listed below: 
Crystalline beta-carotene (Nutritional Piochemicels 
Corp., Cleveland, Ohio). All trans-crys telline beta-carotene 
was employed a s the vitamin A precursor. Oxidized deprecatory 
products that accumulated during storage were removed by 
chromatography on alumina in the presence of gamma tocopherol 
(78). 
Dispersible beta-carotene (courtesy of Hoffmann-Le Roche 
Inc., Nutley, N. J.). Dispersible beta-carotene provided a 
water soluble precursor without the disadvantages of a non-
physiological dispersing agent. 
Crystalline vitamin A (Nutritional Blochemicels Corp., 
Cleveland, Ohio). Vitamin A was required to develop a 
feasible analytical process and to measure the level of vita­
min A that could be detected under experimental conditions. 
Tocopherols (Nutritional Biochemical Corp., Cleveland, 
Ohio). Aloha and gamma tocopherol were used to protect caro­
tene from non-specific oxidation during incubation and 
chromatography (78). 
Tweens (Atlas Powder Co., Wilmington, Dele.), Tweens 
(20, 40, and 80), which have varying degrees of hydronhllic-
ity, were utilized as a means of colloidally dispersing cero-
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tene in an aqueous medium• 
Bile salts (Bacto-Bile Salts, Dlfoo Co., Detroit, Mich­
igan) . A mixture of bile salts was used as a dispersing agent. 
Soybean oil was used as a carotene solublllzlng sgent. 
Skellysolve A was purified by passing through an alco-
lated silica gel column. 
Skellysolve B was purified by shaking repeatedly with 
concentrated sulfuric acid, washing with water and drying with 
sodium sulfate followed by distillation. Skellysolve B used 
In later experiments was purified by passing through an alco­
la ted silica gel column. 
Cyclohexane (Distillation Products Industries, Rochester 
3, N. Y.) 
Kerosene (Fisher Scientific Co., St. Louis, Mo.). Kero­
sene with no appreciable absorption above 300 mji was required. 
Xylene (J. T. Baker Chem. Co., Philllpsburg, N. J.). 
Chloroform (Malllnckrodt Chemical Works, St. Louis, Mo.). 
Chloroform was used in the Carr-Prlce test. 
Isopropanol (Distillation Products Industries, Rochester 
3, N. Y.). 
Ethanol, 95# was purified by distillation over KOH. 
Hydrogen peroxide (J. T. Baker Chem. Co., Philllpsburg, 
N. J.). 
Ringer-Locke solution contained the following percentages 
of salts (w/v): NaCl 0.7#, KCl 0.03#, CaClg 0.026#, NaHC03 
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n.0032. 
Vitamin A test diet (Nutritional Biochemlcels Corp., 
Cleveland, Ohio). 
Alumina (Malllnckrodt Chemical Works, St. Louis, Mo.). 
Brockmen Ko. 1 alumina was mixed with water to obtain the de­
sired activity. 
Silica pel (courtesy of Davidson Chemical Co., Baltimore, 
Md. ) . A commercially activated desslcant eg to 900 mesh was 
most satisfactory. 
Methods 
Depletion of the rats 
In all the early experiments the animals were maintained 
on a Nutrition Biochemicals Vitamin A Test Diet until pro­
nounced signs of deficiency appeared, e.g. loss of weight and 
keratinization of epithelial cells of skin and eyes. This 
required from 3 weeks to 3 months depending on the vitamin A 
potency of the -ore-experimental diet and the age of the rat 
when placed on the deficient diet. Male rats were used in 
all cases. Later it was observed that no vitamin A could be 
detected in the intestine after several days on the test diet 
although liver end blood supplies were still high. Some 
animals were then maintained on the deficiency diet for as 
short a period as 1 week before sacrifice. 
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Sacrifice of animals end tissue préparation 
Because of the inhibitory effect of anaesthetics on 
enzyme systems ( 33) the animals were sacrificed by a sharp 
blow at the base of the skull followed by decapitation. The 
peritoneal cavity was opened PS quickly as possible end the 
small intestine was bathed in Ringer-Locke's solution while 
being stripped of lymphatic tissue. The tract wes tied off, 
then excised at the posterior end neer the caecum. The anter­
ior end was cut at the pyloric sphincter. After syringel 
injection of the sample the anterior end was tied off. 
Several methods were used to prepare homogenetes. Some 
homogenates were prepared by grinding the intestine submerged 
in Ringer-Locke's solution in a Potter-Elvehjem tissue homo-
genlzer. The tube was submerged in an ice bath to dissipate 
heat generated by friction. Nevertheless by this method con­
siderable heat was generated where the tissue was crushed 
between the wall of the tube end the rotating plunger. Heat 
denaturation during grinding was minimized by first freezing 
with liquid nitrogen then crushing the brittle intestine in 
a mortar. Another method of homogenizing was performed with 
a. Serval omni-mixer. This cutting procedure produced less 
heat and required less time then the use of the Potter-Elveh­
jem tissue homogenlzer. 
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Preparation of the beta-carotene substrate 
In a number of experiments anion detergents (Tweens) were 
used as dispersing agents. Concentrations were varied from 
0.01# to 10#. The higher concentrations have the advantage 
of dispersing larger amounts of carotene and the lower con­
centrations minimize the emulsion formed during extraction and 
the amount of contaminant which interferes with spectrophoto-
metric end colorimetric enelyses. The maintenance of a low 
Tween level also safeguards the possibility of conversion in 
case this non-physiological compound disturbs metebollc 
processes. In other experiments a mixture of bile salts 
was used as the dispersing agent. 
In some experiments carotene solubillzed in soybean oil 
and partially emulsified with aqueous Tween wes used. The oil 
emulsion did not hold more then a few minutes without shaking 
except in the region of the interface between oil and aqueous 
Tween. 
Tocopherol was the only antioxidant employed. In vivo 
studies (79) established a greater conversion of carotene 
to vitamin A when administered in conjunction with vitamin E 
than when the carotene was administered without antioxidant 
protection. Gramma-tocopherol was used instead of alpha-
tocopherol when carotene was purified on an alumina column 
because of the report of Lambertsen and Breekkan (78). Both 
carotene and tocopherol were dissolved in a volatile organic 
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solvent, usually ethyl ether, end added to the Ringer-Locke 
solution containing the dispersing agent. The ether wee 
evaporeted in a stream of nitrogen et 40-50°C. 
Several other additives were tried in hopes of promoting 
the conversion. Since one mechanism of conversion hes been 
hypothesized to be peroxidatlve and since severel chemlcel 
systems have been devised thet convert beta-carotene Into 
vitamin A aldehyde by oxidation with hydrogen peroxide in the 
presence of an inorganic catalyst, one experiment was devoted 
to testing the effect of various levels of hydrogen peroxide 
on the in vitro system. Glucose was included In some experi­
ments as an energy source and in one experiment phosphate 
buffers, pH 6.0-7.5 were substituted for Ringer-Locke's solu­
tion. 
Incubation 
The incubetion of the carotene dispersion in the llgeted 
excised intestine or with ground homogenetes or tissue slices 
wes carried out In e water bath et constant temperature. Most 
incubetions were run at 37°C. Severe! were conducted et 40°C 
and several at 45°C. Incubetion times were varied from e few 
minutes up to 2 hours. The earlier experiments were conducted 
under nitrogen simulating anaerobic conditions in the lumen 
of the small intestine. Later experiments were conducted in 
an air atmosphere or under oxygen with whole intestine to 
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prolong metabolism in the tissue and to approximate conditions 
in the wall of the intestine rether than in the lumen. The 
Incubetion of whole intestine was performed In Ringer-Locke 
solution and the major part of homogene.tes in Ringer-Locke 
solution with dispersing agent, carotene and other additives. 
Saponification 
Due to the presence of intestinal fatty materiel end to 
the character of the dispersing agent, extraction with a non-
polar solvent was not feesible without saponificetion because 
of the formation of stable emulsions. Several experiments 
were performed without saponification but the loss caused by 
incomplete seperetion in the extrection, due to emulsion, 
and the masking of spectrophotometry and colorlmetric tech­
niques by the preponderance of lipid meterlel precluded the 
omission of the saponification step. Saponification in the 
deep freeze end et room temperature proved insufficient to 
overcome the same difficulties. It wes necessary to reflux 
in 90% ethanol in the presence of base for one helf hour to 
obtain e fairly clean emulsion-free separation. 
Purification 
The saponificete was diluted by a factor of two with 
water and extracted with a non-polar solvent, usually Skelly­
solve A or B. The non-saponifiable materials, including 
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carotene and vitamin A, pre contained in the non-aqueous frac­
tion. The non-seponlfiable extract was then washed with 50% 
ethanol followed by second washes with water. Various means, 
depending on the method of pnalysis, were used to further 
purify vitamin A. Analysis by destructive Irradiation was 
performed without further purification. 
The descending paper chromatographic method developed 
by Kaiser and Kpgan (80) effectively separates carotene from 
vitamin A. The original procedure WPS modified by using an 
opaque tank flushed vith nitrogen so that development pro­
ceeded in the dark in the absence of air. This system uses 
Munktell 90 filter paper. The solvent, lsopropanol-water 
(l:l), moves vitamin A at the solvent front while carotene 
remains =t the origin. 
Capillary columns of alumina of vprying degrees of activ­
ity were tested also for capacity to separate bete-cprotene 
and vitamin A. A silica gel column with absorbed methanol as 
the stationery phase and Skellysolve A as the moving phase 
(81), which had proved successful In separating carotenes 
from xanthophylls, was tested as a means of separating the 
hydrocarbon, beta-cprotene. from the mono-alcohol, vltpmin A. 
Analysis 
Sensitive methods for the identiflcption pnd measurement 
of vitamin A have been developed. The ultraviolet spectrum 
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absorption maximum Is at 3^5 nyi In hexane with a molar extinc­
tion coefficient of 59,000. Spectral curves were measured In 
the region of the wavelength of maximum absorption, but the 
presence of Impurities absorbing In this region limited spec­
tral evidence to a qualitative interpretation. 
In order to eliminate the spectral contribution of Im­
purities a destructive Irradiation method was tested. The 
procedure developed by Bessey and Lowry (73) for blood 
analyses was followed. This method is based on the fact that 
vitamin A is rapidly and completely destroyed by ultraviolet 
light. The assumption is made that other compounds present 
are not spectrally altered by the irradiation treatment. Thus 
the difference obtained by subtracting the absorption reading 
at 3^8 mp after Irradiation from the reading before irradia­
tion will serve as a measure for vitamin A. 
In this procedure the non-saponlflable fraction Is taken 
to dryness and redlssolved In a 1:1 mixture of kero'sene-
xylene. The kerosene must be deficient In highly unsaturated 
hydrocarbons so that absorption by the solvent above 300 m^i 
does not interfere with the determination. The spectrum Is 
taken in quartz microcells (9.5xl0x?5mm) using a diaphram 
with a 1.9 mm aperture inserted in the Beckmen model DU 
spectrophotometer. The solution is then placed in quartz 
tubes, Internal diameter 9 mm, and irradiated with a General 
Electric B-H4 mercury discharge lamp. Fan cooling is provided 
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during irradiation. The spectrum is taken again after irra­
diation end the difference spectrum celculeted. The differ­
ence spectrum over the 300 to 400 mji region gives e vitemin A 
curve in the ebsence of interfering Impurities. 
The Carr-Price reagent wes used for many of the quanti­
tative determinations es well es for quelitetive identifica­
tion on peper. The distinctive blue complex formed by the 
reaction of vitamin A with antimony trichloride in chloroform 
has an absorption peak at 617 mji with an extinction coeffi­
cient of 145,000. However, this reagent reacts with beta-
carotene and other cerotenold.s to form complexes which heve 
ebsorptlon mexlme in end near the blue region but with 
smaller extinction coefficients. The transient existence of 
the blue complex end the corrosive and deliquescent properties 
of antimony trichloride make.this reegent a difficult one with 
which to work. However, the sensitivity and specificity of 
this reagent have disposed chemists to place more reliance 
on results achieved with antimony trichloride then other 
colorimetric methods of determination. 
In these experiments concentretiens were celculeted from 
stenderd curves prepared for vitemin A end bete-cerotene. 
Semples were dissolved in 1 ml of chloroform and 9 ml of 
antimony trichloride in chloroform (1 lb. SbClg in 1500 ml 
of CHClj) were dispensed from e rapid delivery pipette into 
a tube in a Coleman Junior Spectrophotometer. Readings were 
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taken 7 seconds after commencement of delivery pt a wavelength 
setting of 6P0 mp. 
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EXPERIMENTAL AND RESULTS 
The experiments described herein ere arranged according 
to the method of analysis used. This arrangement corresponds 
closely with the chronology of the work. The early experi­
ments rere analyzed by the destructive irradiation method 
(73). Because the concentration of the dispersing agent was 
considered Important, a study was then made correlating beta-
carotene dispersibility with Tween concentration. Experiments 
were subsequently performed using a paper chromatographic 
separation procedure. This method was later abandoned In 
favor of a column separation technique. 
Except for the study relating Tween concentration to 
carotene dispersibilit'y, all the experiments described in 
this section deal with testing analytical methods used for 
conversion experiments and actual experiments on the in vitro 
conversion of beta-carotene to vitamin A. 
Rats of the Wistar strain were used for the experiments 
analyzed by the destructive irradiation method, whereas rats 
of the Sprague-Dawley strain were employed for the remaining 
experiments. The animals used were in an extreme state of 
vitamin A deficiency except in the column chromatographic 
experiments where rats were sacrificed while in a mild defi­
ciency state induced by at least 7 days on a vitamin A defi­
cient diet. 
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Analysis by Destructive Irradiation 
Preliminary studies 
The first analyses for vitamin A formation by intestinal 
action on beta-carotene were carried out by the destructive 
irradiation method (73). Before Intensive studies were 
initiated It was necessary that information be obtained on 
the effects of irradiation on vitamin A and beta-carotene. 
For best results the absorption of vitamin A in the to 
390 mji region should be completely destroyed by irradiation. 
Beta-carotene, which would be present in comparatively large 
amounts, should undergo no irradiation-induced absorption 
change through this region. 
Separate solutions of vitamin A end beta-carotene in 1:1 
kerosene-xylene were prepared. A 1:1 mixture of the vitamin 
A solution and the beta-carotene solution also was prepared. 
The concentration of the vitamin A solution was 4.? ^ ig per 
ml; the beta-carotene solution, 4.5 jag per ml. The concen­
trations were helved in the mixture. Absorbancles were 
measured with the Beckman Model DU Spectrophotometer with 
diaphram inserted. Measurements were made on the solutions 
in quartz mlcrocells before and after irradiation in capillary 
quartz tubes. Absorbancles were measured from aliquots of 
these solutions at 330 mp for all aliquots and at 4R0 mp. for 
aliquots which contained beta-carotene• The data are listed 
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Table 1. Effect of time of irradiation on absorbancy of 
solutions of vitamin A, beta-carotene and a 
mixture containing both 
Vitamin A znd 
Time Vitamin A beta-carotene Beta-carotene 
(min.) 330 mp 330 mp 460 mp 330 mp 460 mp 
0 0.656 0.361 0.486 0.081 0.989 
5 0.963 
10 0.133 
20 0.036 0.071 0.906 0.096 0.510 
35 0.091 0.059 0.110 0.088 0.355 
50 0.010 0.079 0.081 0.078 0.957 
in Table 1. 
The absorption of vitamin A was reduced almost 95$ after 
20 minutes of irradiation while only a very small change vas 
observed in absorption by carotene at the same wavelength. 
Measurements at the carotene absorption maximum showed that 
carotene destruction was considerable, although not as com­
plete as vitamin A destruction. 
The spectrum was taken for aliquots of each of the three 
original solutions over the range of 3^0 to 480 mp. Aliquots 
then were irradiated for periods of 90, 35, and 50 minutes. 
Figure 1 shows the difference spectra of the three solutions 
after 50 minutes of irradiation along with the pre-Irradiation 
Figure 1. Absorption spectrum of vitamin A and the differ­
ence spectre (post-irredlatlon spectrum subtracted 
from pre-lrradletlon spectrum) of vitamin A end 
beta-cerotene in 1:1 kerosene-xylene 
pre-irredietion spectrum of vitemin A 
(4.9 jig per ml) 
difference spectrum of vitemin A 
(4.9 jig per ml) 
difference spectrum of beta-cerotene 
(4.5 jig per ml) 
difference spectrum of mixture of 
vitamin A (9.1 jig per ml) and 
beta-cerotene (9.9 jig per ml) 
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spectrum of vitamin A. 
The difference spectrum of vitamin A is almost super­
imposable on the spectrum of vitamin A. Also, the difference 
spectrum of a solution containing both vitamin A and beta-
carotene is almost identical with the vitamin A spectrum in 
the 3?0 to 380 mp range, especially from 3^0 to 360 mp. The 
resemblance decreases from 360 to 380 mp as the beta-carotene 
difference spectrum becomes significant and modifies the 
decline of the difference spectrum of the mixture. Thus the 
vitamin A difference spectrum is almost identical with the 
absorption spectrum of vitamin A over the range of 3?0 to 360 
mp when vitamin A is subjected to Irradiation in the presence 
of beta-carotene. 
Conversion studies on non-deficient intestinal tissue 
In order to ascertain whether or not normal intestinal 
levels of vitamin A can be detected by this method, an assay 
was conducted on non-deficient rats. The rat intestines were 
carried through the procedure to be used for carotene to 
vitamin A conversion studies in deficient rats. 
Three young (6 weeks old) rats of the Winter strain were 
starved overnight, sacrificed by a blow on the head, and then 
decapitated. After excision the small Intestines of rats 1 
and ^ were Injected with 0.5 ml of b% Tween 80 containing 
P50 pg of alpha-tocopherol.' The intestine of ret 3 was 
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Injected with 0.5 ml of a b% Tween 80 solution which contained 
250 pg of alpha-tocopherol and 150 pg of beta-cerotene. The 
latter was employed to ascertain whether the assay would pro­
ceed as well in the presence of a substantiel amount of beta-
carotene and to see if a higher level of vitamin A could be 
observed. The intestines were tied off end Incubated P hours 
in Ringer-Locke solution at 45°C (?l) in a water bath. 
The contents were rinsed out with PO ml of 0.9$ NaCl 
end the intestines refluxed for 15 minutes with 1 ml of 50$ 
aqueous KOH in 9 ml of absolute ethanol. An equal volume of 
water was added and the saponificate extracted with Skelly­
solve A. The petroleum ether fraction was evaporated to dry­
ness on e water bath at 40°C under nitrogen and redissolved 
in P ml of a 1:1 mixture of kerosene-xylene. Absorbancles 
were measured before and after irradiation for -35 minutes 
covering the range from 390 to 390 mp. 
1$ 
Using 1570 as for vitemin A in kerosene-xylene (71), 
the amounts of vitemin A in the intestines incubated without 
added carotene were 9.P and P.6 pg, respectively, while the 
amount in the intestine incubated with carotene was 4.6 pg. 
Obviously these data do not present evidence of conversion of 
beta-cerotene to vitamin A. Since these rats were on a non-
deficient diet, the carotene intake during the period preced­
ing sacrifice may possibly account for the disparity in levels 
of vitamin A found. 
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The shapes of the difference spectre from 3P0 to 390 mp 
are reasonable facsimiles (Figure P) of the vitemin A spectrum 
obtelned on extracts from intestines to which no cerotene was 
added. However, the difference spectrum resulting when an 
intestine was incubeted with beta-cerotene showed a broed peak 
extending from 330 to 340 mp. Irradiations for 90 end 50 
minutes of aliquots from this Intestinal extract showed the 
seme broad peek. Zechmelster end Polger (8?) have shown that 
prolonged heating causes els Inversion of ell-trans beta-
carotene accompanied by the appearance of a els peak et 340 
mp• Bieri (83) demonstrated that the els peek is nertle.lly 
destroyed by irradiation. Thus, carotene lsomerizatlon dur­
ing saponification (refluxing) could give a felse estimetion 
of vitamin A by contributing to the difference spectrum at 
330 mp• 
The results of these tests made It evident that unambigu­
ous identification of small amounts of vitemin A formed 
In vitro must be made with vitamin A deficient animals, with 
blank runs exhibiting at leest a uniform reproducible differ­
ence spectrum or preferably no difference spectrum et all. 
Also, saponification at reflux temperature, 80°C, should be 
avoided because of possible carotene lsomerizatlon. 
Figure ?. Difference spectre of extrects of r»t smell 
intestine 
1 and 3 - Extract of intestine not deficient 
in vitemin A 
9 - Extract of Intestine not deficient in 
vitamin A incubated with 150 pg 
of bets-cprotene 
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Conversion Studies on Vitamin A Deficient 
Intestinal Tissue 
Whole intestine 
Dispersion of carotene In Tween An experiment to 
study conversion of beta-carotene to vitamin A in deficient 
animals was performed. Four weanling rats (5 weeks old) of 
the Wistar strain were pieced on the vitamin A test diet end 
maintained on this diet for 4 weeks. At the end of this time 
marked deficiency symptoms had developed. The animals were 
sacrificed and the same procedure was followed as with the 
non-deficient rats. Two of the intestines were injected with 
carotene and two were not. After incubation, saponification 
was conducted over-night at room temperature. Irradiation 
of the extracts was for 40 minutes. The difference spectra 
are shown in Figure 3. The intestines devoid of carotene 
were lableled and B^ and those with carotene C% and C9. 
One of the carotene-supplied intestines, Cp, exhibited 
a difference spectrum closely approximating the spectrum of 
vitamin A over the range measured and indicating the formation 
of 3.3 jig of vitamin A. The other carotene-supplied intes­
tine, C^, deviated In the 3?0 to 3^5 mji region by a con­
tinuous, though modified, rise in absorbancy as the wave­
length decreased. Inspection of the spectrum of one of the 
carotene-free intestines, Bg, shows the same type of spectrum 
Figure 3. Difference spectra of extracts of smell 
intestines from vitemin A deficient rats 
Cj and Cp - Incubated with 150 pg of beta-carotene 
end Bp - Controls Incubated without carotene 
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in this region as carotene supplied intestine, C^. The other 
intestine that was not supplied with carotene, B^, exhibited 
a non-interfering spectrum with almost no absorption in the 
critical range, 3P0 to 340 np, and very low level absorption 
from 340 to 400 np. 
It is apparent from results with the control, Bp, that 
some light sensitive material obscured vitamin A and could be 
mistaken for vitamin A, since photo destruction of this mate­
rial occurred in the region of the vitamin A peak and a dif­
ference spectrum which was identical to that of vitamin A 
except in the 390 to 330 mp region was obtained. Succeeding 
tests also showed a spectrum similar to thst observed with Bp 
in most cases. Irradiation studies on solutions of various 
Tweens and tocopherol showed no change in light absorption 
above 3?0 mp. 
Use of Water-Dispersible Carotene 
In order to obviate the extraction difficulties and the 
non-physiological nature of a Tween system, an experiment was 
performed using a commercially prepared water dispersible 
beta-carotene. This experiment was performed with whole in­
testine and with ground homogenates. 
In the experiment with whole intestine, 0.40 g of water-
disperslble beta-carotene, which was 9.4% beta-carotene (9.6 
mg beta-carotene), was suspended in 10 ml of Ringer-Locke 
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solution and injected into a freshly excised intestine of a 
vitamin A deficient ret. Incubation and extraction were per­
formed FS described previously with non-deficient animals. 
The destructive irradiation method was used for vitamin A 
analysis. The experiment was performed with two animals with 
almost identical results. An Increase of Irradiation time 
from °0 to 40 minutes altered only the magnitude of the differ­
ence spectrum. The shape remained the same. An intestine, 
into which no water-dispersible carotene wss injected, served 
as a control. 
The difference spectrum of a sample and the control is 
shown in Figure 4. A minimum in the curve appeared where the 
maximum for vitamin A occurs. The rise beyond -330 m)i is char­
acteristic of the els peak for beta-carotene. The rise below 
•330 mji is characteristic of the substance that appears in 
deficient rat intestine giving a false estimation of vitamin 
A except for the fact that there was no leveling In the 3^0-
395 mp. region. The shape of the curve and the magnitude at 
330 mja discounts the formation of vitamin A. 
Homogenate preparations in Ringer-Locke solution and 
phosphate buffer at pHs 6.5, 7.0, end 7.5 also showed no 
vitamin A formation from the water-dispersible beta-carotene. 
The water-dispersible beta-carotene was not used PB a vitamin 
A precursor in further studies with the destructive irradia­
tion method. 
Figure 4. Difference spectre of extracts of vitamin A 
deficient rat smell intestine incubated with 
water-dispersible beta-carotene 
sample - Incubated with 9.6 mg of beta-carotene 
control - Incubated without beta-carotene 
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The only results which suggested vltemin A formation from 
bete-carotene were obtained with Tween-dispersed beta-cerotene 
in excised whole intestine. These results were not clear-cut 
since a number of vitamin A deficient Intestines in the ab­
sence of beta-carotene showed on irradiation a difference 
spectrum similar to that of vitamin A. 
Homoeenates 
In studies with homogenate of ret intestine the differ­
ence spectrum arising from components other then vitamin A 
could be cancelled by a control, while the variable results 
achieved with whole Intestine controls did not afford e reli­
able blank determination. Also, since conversion of beta-
cerotene to vitamin A by homogenetes is a step in the direc­
tion of enzyme purification and mechanism study, en experiment 
was designed to attempt conversion of Tween-dispersed beta-
cerotene to vitamin A with homogenate of ret intestine. 
The small intestines of two vitamin A deficient rets were 
excised, rinsed with an injection of 15 ml of Ringer-Locke 
solution and homogenized in a Potter-Elvehjem homogenizer. 
A suspension of 0.033Q g of beta-carotene in 100 ml of 10e? 
Tween 80 In Ringer-Locke solution was prepared along with 
0.1 M phosphate buffers of pH S.5, 7.0, and 7.5 Six Warburg 
flasks containing materials described in Teble 2 were incu­
bated for P hours at 37°C in a water bath with continuous 
Table ?. Contents of flasks Incubated In conversion studies with intestinal 
homogenates 
Intestinal 
•L- homogenate 
Flask (Si) 
Beta-cerotene 
suspension® 
10% 
Tween 80 
Ringer-
Locke 
0.1 M phos-ohate 
buffers ( ml) 
(ml) (ml) (ml) pH 6.5 pH 7.0 7.5 
1 2 5 5 
? p 5 5 
3 9 5 5 
4 2 5 5 
5 9 5 5 
6 5 5 
aIn 10% Tween 80 . 
bSmall amounts, 
flasks. 
5 to 10 mg, of alnha-tocopherol were added to each of the 
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shaking and exposure to air. 
After incubation the samples were saponified in the 
refrigerator for 3 days with 1 ml of 55% KOH and 9 ml of 
ethanol. The samples were then extracted with Skellysolve A. 
Formation of emulsions made the extraction difficult. The 
Skellysolve A extracts were evaporated to dryness and taken 
up in several ml of kerosene-xylene 1:1. The spectre were 
measured from 3?0 to 480 mji. 
Figure 5 shows the pre-lrredietlon spectrum end the 
difference spectrum of the extract from flesk f incubeted 
with pH 6.5 phosphate buffer. The difference spectre of ell 
the other samples were similar to the one depicted. All were 
relatively flat throughout the 3^0 to 380 mp region. The 
rise in the pre-irradiatlon spectrum as the wavelength de­
creased was due to material extracted from the homogenate. 
All samples showed this rise except thet from flask 6 which 
contained no homogenate. The flat difference spectrum rules 
out vitamin A formation since the Elcm for Dure vitamin A in­
creases from almost zero at 380 mp to 1570 at 398 mju. 
These analyses have failed to demonstrate conversion of 
beta-carotene into vitamin A with homogenetes; earlier studies 
showed very limited conversion with whole intestine. Because 
of the variability of controls end the formation of a compound 
in deficient rat intestine with a spectrum almost identical 
to the spectrum of vitamin A, the applicability of the 
Figure 5. Pre-irradiatlon spectrum (curve l) and difference 
spectrum (curve ?; of an extract from vitamin A 
deficient rat small intestinal homogenate 
incubated with beta-carotene at pH 6.5 
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destructive irradiation method seems to be of doubtful velue 
for demonstrating vitamin A formation from beta-carotene by 
excised rat intestine. 
Effect of Tween Concentration on Dispersion of Carotene 
The problem of supplying a water-insoluble substrate in 
utilisable form in an aqueous medium confronts the experi­
menter where carotene Is the metabolite. It was found that 
carotene disperses in smaller particles when dissolved first 
in 8 volatile organic solvent followed by mixing with the dis­
persing agent and volatilizing the organic solvent from the 
dispersion than when carotene crystals are dispersed directly 
in the aqueous dispersing agent. The question also arose as 
to the relationship of the degree of dispersion to the concen­
tration of the dispersing agent. Aqueous Tween solutions 
covering a wide range of Tween concentrations have been used 
in biological experiments. 
In an in vitro system it is important that the dispersing 
agent does not act as a metabolic poison. Although the prob­
lem is complex, it is possible that high concentrations of 
surface active compounds may inhibit enzyme action more than 
low concentrations. On the other hand, It is necessary that 
the dispersing agent has sufficient action to suspend the sub­
strate in small aggregates. 
It seemed desirable, therefore, to investigate the dis-
persion of carotene in Tween to determine whether the diapers 
ing action is effective Pt low Tween concentrations. 
The following aqueous solutions (w/v) of Tween 80 were 
prepared: 0.01%, 0.05%, 0.1%, 0.5%, 1%, 5 .^ To 10 ml of 
each solution 100 pg of beta-carotene in 1 ml of ether WPS 
added. The ether WPS removed by bubbling nitrogen through 
the mixture at 45°C. The absorption spectra of the beta-
carotene suspensions in Tween 80 were then determined over 
the range of 390 to 550 mp with the aid of a Beckm^n model DU 
spectrophotometer. Each suspension WPS measured against a 
blank containing the same percent Tween 80 without beta-
carotene. 
Figure 6 shows the absorption spectrum of beta-carotene 
in each of the aqueous Tween mixtures and also the absorption 
spectrum of the same amount of beta-carotene in true solution 
In Skellysolve B. The spectrum in Skellysolve B was measured 
on a solution containing 0.7 pg/ml and corrected to the 
absorption at 10 pg/ml, assuming that the Beer-Lambert law is 
valid. 
Duysens (84) has shown that the absorption spectrum of 
suspensions Is flattened due to the fact that the decrease In 
absorption is more pronounced at wavelengths of high absorp­
tion then at wavelengths of low absorption. The flattening 
of the absorption spectrum with corresponding decrease in 
extinction coefficient is an index of molecular aggregation. 
Figure 6. Absorption spectre of betp-çprotene (10 
in true solution and in suspension in vprying 
concentrations of equeous Tween 80 
curve solvent or dispersing pgent 
1 
? 
3 
4 
5 
6 
7 
.1% 
0.5^ 
0.1# 
0.05 % 
o.oi5 
Skellysolve B 
5% Tween 80 
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Figure 6 shows that the degree of dispersion Increases with 
Tween concentration but thflt the relationship is not linear. 
Figure 7 shows the change in absorption at the wavelength 
of maximum absorption (460 nyi) as a function of the log of 
Tween 80 concentration. There is little change in absorption 
through the concentration interval of 0.05'? to 0.55 Tween 80. 
Apparently 0.055 aqueous Tween 80 disperses carotene as 
effectively as 0.55» 
At a Tween 80 concentration of 0.015 there was very 
limited absorption. Reference to Figure 7 shows that the two 
characteristic maxima at 463 mp and 487 mp have flattened 
into a smoothly rounded line devoid of fine structure. Caro­
tene shows no absorption spectrum in pure water because it is 
completely insoluble. The lowest concentration of Tween 80 
that gave a dlfferentiable carotene spectrum vas 0.05/®. To 
noticeably improve dispersion It was necessary to Increase 
Tween 80 concentration to 15, a 20-fold Increase. 
Separation by Paper Chromatography 
Preliminary studies 
The procedure developed by Kaiser and Kagan (80) for the 
separation of micro amounts of vitamin A alcohol from vitamin 
A esters looked particularly applicable to the present prob­
lem. By this procedure micro amounts of vitamin A alcohol, 
vitamin A acetate and vitamin A palmltate are separated 
Figure 7. Absorbency of bets-cprotene et 460 NYI ?S P 
function of the logarithm of Tween 80 
concentretlon 
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cleanly by descending paper chromatography using Munktell 90 
filter paper and a solvent system of 1:1 Isopropanol and water. 
Development requires 3 to 4 hours, the strips pre dried In 
warm air, and the vitamin and Its esters are Identified by 
spraying with antimony trichloride In chloroform. The alco­
hol moves pt the solvent front, the acetate moves about half 
the distance between the origin and the solvent front, and 
the palmltate remains et the origin. One to ? yg mixtures 
are completely resolved. 
In the present study it was necessary to separate vitamin 
A alcohol, which would be the only form of the vitamin present 
after saponification, from beta-carotene, a lipophilic com­
pound that would be expected to remain at the origin with this 
solvent system* 
Mixtures of vitamin A, vitamin A pcetate and beta-
carotene were chromatographed by the Kagan-Kpiser procedure 
modified to the extent that the paper strias were dried in a 
stream of nitrogen rather than in hot air. The vitamin A 
alcohol traveled pt the solvent front, vitamin A acetpte moved 
with an Rf of 0.6, and beta-carotene remained at the origin. 
Loading tests showed the system capable of resolving up 
to 16 pg of vitamin A from beta-carotene. Larger amounts 
were incompletely resolved after the solvent front had moved 
15 to 95 cm. 
It was observed that the color of the vitamin A spot on 
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the paper wee not the deep blue characteristic of the Carr-
Prlce complex, but disnlayed a nurnle to nlnk tone. Washing 
the filter paper in versene end in solvent nrior to ohrome-
togram development did not aid in giving the typical blue 
color. 
Elution and spectral measurement of the vitamin A spots 
showed that major destruction of vitamin A had occurred when 
the complex gave the purple color. This Information was ob­
tained by spotting two chromatograms each with 1.7 jjg of vita­
min A. Both were developed at the same ti^e in the seme tank 
until each solvent front had moved PO cm. One chromatogram 
was treated with antimony trichloride in chloroform, giving 
the purple color at the "vitamin A" spot. The other was cut 
and eluted and the spectrum of the extract was measured from 
3P0 to 390 mp. A control was spotted on paper and eluted 
without development. The developed chromatogram showed more 
than a 10-fold decrease in vitamin A concentration. 
Since vitamin A is a very labile compound susceptible to 
oxidation and photo destruction, it is probable that in the 
highly exposed state on the filter paper oxidation occurs 
much faster than in solution or crystalline form. 
Samples of 1 and P pg of vitamin A were spotted on the 
Munktell PO filter paper, exposed to the atmosphere for 
various time intervals, and treated with antimony trichloride 
in chloroform. Results are presented in Table 3. 
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Teble 3. Color of the vitamin A complex with antimony 
trichloride on Munktell 90 filter neper es 
affected by time of exposure 
Time 
(mln.) 1 yg * Pg 
0 blue blue 
5 blue blue 
10 blue-purple 
15 purple blue-purple 
?0 lighter purple 
30 fading purple-Dink 
70 very feint pink 
105 light Durple 
P70 very faint ourple 
1380 colorless 
It is apparent from the date in Tpble -3 that decomposi­
tion took place rapidly when smell emounts of vltemin A were 
ebsorbed on the filter psper end ellowed to dry. The somewhat 
slower decomposition in the chromatograph Jar was probably due 
to oxidation at a slower rate in the solvent saturated atmos­
phere . 
All subsequent chromatograms were developed in opaque 
battery Jars made free of oxygen by flushing with nitrogen 
that had been purified by passing through venedyl sulfate 
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according to the procedure of Meltee end Meites (85). The 
chromatogram strip was placed in the jar prior to flushing. 
(Figure 8 shows the apparatus.) The Jar was then flushed with 
nitrogen for 15 minutes before the solvent was introduced. 
Flushing the jar upset the equilibrium between liquid 
and vapor phase. Even with large sheets of filter paper lin­
ing the inside of the jar it took more than a day for satura­
tion to occur as Indicated by the reduced rate of movement of 
the solvent front with corresponding increase in time of 
development. Consequently the chromatograms were developed 
in a non-equilibrated system. The Rf value of vitamin A, 
however, was unaffected. 
Some decomposition was still observed after modifying 
the procedure to eliminate atmospheric oxidation and photo-
destruction. Washing the filter paper in ethanol, lsopro-
panol-water 1:1, versene, and deionized water did not prevent 
this destruction. 
Tween °0 and the antioxidant, aloha-tocopherol. were 
tested in an attempt to prevent destruction. Several drops 
of an aqueous dispersion of b% Tween 20 and 0.3% alpha-
tocopherol were placed on a chromâtogram with 1.7 yig of 
vitamin A. This chromatogrem was developed in conjunction 
with a chromatogrem spotted with the same levels of Tween 90 
and vitamin A but no alpha-tocopherol. 
Tween 20 decreased the rate of movement of vitamin A, 
Figure 8. Apparatus for the development of descending 
paper chromatograms 
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probably due to a reduction In the rate of extraction of 
vitamin A by the solvent. The area on the paper covered by 
vitamin A was larger when Tween was present. This was due, 
at least in part, to the fact that the oil-like Tween spreads 
more readily than volatile organic solvents when applied to 
the paper. Complete resolution of vitamin A from beta-
carotene we9 easily obtained for amounts of vitamin A up to 
15 ug when the solvent front moved °0 to 30 cm, providing the 
Tween was confined to a small area during application. 
The chromatograms described above were treated with the 
Carr-Prlce reagent after the solvent front had moved PO cm. 
The characteristic blue color was obtained at the vitamin A 
and the beta-carotene spots. Another chromatogrem using 
alpha-tocopherol in the absence of Tween indicated that some 
decomposition had occurred. 
When performing elutions for spectral measurements of 
the compounds developed on the Munktell °0 filter paper it 
was found necessary to elute with Skellysolve A rather than 
ethenol. Ethanol washings extracted from the paper some com­
ponents absorbing above 300 mp to the extent that small 
amounts of vitamin A were obscured. Petroleum ether (Skelly­
solve A) washings of the Munktell 90 filter paper showed no 
absorption above 300 mp. 
The effects of Tween PO and aloha-tocopherol on the 
recovery of vitamin A from paper chromatograms were studied 
70 
further, using two pairs of chromatograms. Several drops of 
b% Tween PO and 0.3$ alpha-tocopherol in aqueous dispersion 
were applied pt the origin along with 15 jig of vitamin A to 
one of each pair. Only the 15 jig of vitamin A was applied to 
the other chromatogram of each pair. After development until 
the solvent front had moved P9 cm one chromatogrpm of each 
pair was treated with antimony trichloride and the vitamin A 
spot of one of each pair was eluted with 5 ml of Skellysolve A 
and the spectrum of the eluate measured over the range of P70 
to 360 mp. 
The chromatograms to which Tween and alpha-tocopherol 
were applied showed the blue Carr-Price color test character­
istic of vitamin A and a recovery of 10 pg as estimated from 
the known extinction coefficient at 3°5 mji. The chromato­
grams containing only vitamin A gave a pinkish-purple spot 
with antimony trichloride but failed to show the character-
I 
lstic vitamin A spectrum, indicating severe degradation of 
vitamin A. 
A study of the recovery of vitamin A from Munktell °0 
paper in the presence of Tween °0 was rede, using 5 ml of 
Skellysolve A as the eluting solvent. It was discovered that 
vitamin A was incompletely recovered from chrometogrems con­
taining Tween end also that the Tween was incompletely re­
moved from the paper. Treatment of eluted strips of filter 
paper with antimony trichloride showed traces of vitamin A 
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still on the paper. Thus, vltemln A is partitioned between 
the elutlng solvent, Skellysolve A, end the emulsifying agent, 
Tween 20. Recovery of the applied vitemin A varied from 60 
to Q0% after elution from developed or undeveloped chromato­
grams conteinlng Tween PO and alpha-tocopherol. 
The time required to develop chromatograms 9,5 to 30 cm 
under the non-equilibrated conditions, caused by flushing the 
chromatographic jar with nitrogen, was about 94 hours. An 
experiment was performed to discover whether vitamin A was 
appreciably degraded during the prolonged time of development. 
Two chromatograms were spotted with Tween 20, alpha-tocopherol 
and 12 of vitamin A. After 6 hours the solvent fronts had 
moved 12.5 cm. At this time one of the chromatograms was re­
moved. The vitamin A spot was eluted with Skellysolve A 
and the absorption spectrum measured. The result was a re­
covery of 9.7 pg of vitamin A. After °P hours the solvent 
front of the remaining chromatogrem had moved 30 cm. Elution 
end spectral study showed that 9.0 jig of vitamin A were re­
covered. Thus decomposition vas not extensive when Tween 20 
and alpha-tocopherol were applied with vitamin A. 
It was found that beta-carotene does not form the blue 
complex with the Carr-Price reagent in the presence of Tweens. 
Vitemin A, however, does give the characteristic blue complex 
in the presence of Tweens. It was observed further that a 
qualitative identification of vitamin A in the presence of 
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beta-carotene on a paper chromatogram could be made after 
applying Tween 90 to the area to be tested before .treatment 
with the Carr-Price reagent. 
Development of chromatograms containing moderate amounts 
of Tween 90 at the origin resulted in the transfer of Tween 
on the paper leaving beta-carotene at the origin. The caro­
tene then gave a blue color with the Carr-Price reagent. 
Conversion studies with homogenates 
Vitamin A was measured by a modification of the method of 
Kaiser and Kagan (80). The non-saponiflable extract was 
spotted on a strip of Munktell PO filter paper which was 
placed in an opaque battery Jar. The system was flushed for 
15 minutes with nitrogen before introduction of the developing 
solvent. Approximately P cm of solvent, 1:1 isopropanol-
water was maintained in the bottom of the jar, and the Inside 
of the Jar was lined with Whatman No. 1 filter paper to hasten 
saturation of the atmosphere within the jar. The developing 
solvent was introduced into the trough in the closed Jar (see 
Figure 8) without the introduction of oxygen other then that 
from air dissolved in the 10 to 15 ml of solvent used for 
development of the chromatogram. The chromatogram was 
developed, then dried in a stream of nitrogen. The developed 
area of the chromatogram was treated with antimony trichloride 
in chloroform and the colored areas were marked and measured. 
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Tween-dlBpersed carotene 
In prior experiments the use of the Potter-Elvehjem 
homogenizer resulted in some heating at the site of crushing 
of the intestinal wall between the teflon plunger and the 
glass wall of the homogenizer. It was postulated that enzyme 
denaturatlon could have occurred before the heat was dissi­
pated by the ice water bath surrounding the homogenizer. Thus 
in one experiment liquid nitrogen was used to freeze the in­
testine prior to grinding. 
Two vitamin A deficient rats were sacrificed by decapita­
tion. The smell intestines were excised and rinsed in Ringer-
Locke solution. The intestines were frozen in liquid nitrogen 
and pulverized in a mortar. The pulverized frozen tissue 
was incubated with a beta-carotene substrate prepared by dis­
persing 3 mg of beta-carotene and 5 mg of aloha-tocopherol in 
1 ml of Tween 80 and diluting to 100 ml with Ringer-Locke 
solution. One g of egg albumen was added to the carotene 
substrate mixture in order to flood the medium with protein 
substrate, thus perhaps protecting any "carotenase" enzyme 
from protease degradation. Dispersion of the substrate sus­
pension was improved further by use of a Potter-Elvehjem 
homogenizer. Fifty ml of the resulting suspension and the 
pulverized intestine described above were incubated, with 
constant stirring, in a IPS ml round-bottomed flask for 9 
hours at 37°C. 
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The contents were extracted with Skellysolve A, "but 
emulsion formation prevented distinct layer formation. The 
Skellysolve A was separated by differential freezing with 
liquid nitrogen. After the Skellysolve A extraction, the 
residue was filtered and the intestinal particles were sapon­
ified with 5% KOH in 95$ ethanol at room temperature for ?4 
hours. The saponiflcfte was diluted with an equal volume of 
water and extracted with Skellysolve A. Each Skellysolve A 
fraction was washed with water several times and evaporated 
to dryness under nitrogen. The residues were taken up in 
several drops of absolute ethanol and chromatographed on 
Munktell 90 paper according to the procedure described above. 
On the chromatogram of the extract made prior to sapon­
ification carotene was identified at the origin by treatment 
with antimony trichloride in chloroform. Vitamin A was not 
identified. A faint green spot with an Rf of 0.5 was ob­
served, probably Indicating some carotenold-llke product. 
Neither vitamin A nor beta-carotene was identified on 
the chromatogram of the non-saponifieble extract of the intes­
tinal material. The absence of beta-carotene suggests that 
it was not absorbed by the homogenized tissue during Incuba­
tion , although other possibilities exist. If any carotene 
had been absorbed, It may have been metabolized or severely 
degraded. The extraction prior to saponification should not 
have extracted bound carotene since Skellysolve A extractions 
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in this work have been ineffective in extracting carotene 
from cellular material that has been neither saponified nor 
treated with alcohol. 
The results of this experiment indicated that no vitamin 
A was formed after incubation with tissue that had been frozen 
in liquid nitrogen. 
Another method for the preparation of small intestine 
homogenetes was tested. The small intestines of three vitamin 
A deficient rats were excised and transferred to the s^all 
Serval omnl-mixer vessel which contained 30 ml of Ringer-Locke 
solution. The vessel was attached to the mixer and then 
immersed in an ice bath. The mixture was homogenized at full 
speed for 5 minutes. The resulting homogenate was incubated 
?0 minutes at 37°C under nitrogen with 100 ml of the beta-
carotene suspension prepared as follows. 
Ten mg of beta-carotene end 10 mg of alpha-tocopherol 
were dispersed in 0.5 ml of Tween 80 to which was edded 10 ml 
of ethyl ether. The ether WPS removed by passing a stream of 
nitrogen through the suspension maintained in a water bath 
at 37°C. The Tween dispersed carotene was then diluted to 
500 ml with Ringer-Locke solution forming a clear yellow sus­
pension homogenous in appearance. 
After incubation an equal volume of 95# ethanol was added 
to the mixture, then several Skellysolve A extractions were 
performed. The Skellysolve A extracts were combined, evepo-
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rated to dryness under nitrogen and the residue was taken up 
In 400 jul of ethyl ether. One hundred jil of the ether solu­
tion was chromatographed on Munktell PO paper as outlined 
above. The remainder was tested by the destructive Irradia­
tion method. No vitamin A was found by either method of 
analysis• A similar experiment wherein incubation time was 
extended to ? hours also showed no vitamin A formation. 
Dispersion of carotene in bile salts 
A mixture of bile salts (Bacto-bile salts) was tested as 
a dispersing agent in conversion studies. Preliminary experi­
ments showed that vitamin A was effectively extracted and 
Identified with antimony trichloride after suspension In bile 
salts. Spectrophotometric identification of vltemin A was 
corrected for absorption by bile salts since the spectrum of 
the bile salts extract (cyclohexane) showed absorption in the 
330 mja region where vitamin A absorption is at a maximum. No 
absorption due to bile salts was found In the carotene absorp­
tion maximum region at or near 450 mp. 
Becto-bile salts were used as the dispersing agent In the 
following experiment. Two hundred jig of beta-carotene were 
dispersed in 40 ml of Ringer-Locke solution containing 40 mg 
of bile salts. The resulting mixture was incubated 30 minutes 
at 37°C under nitrogen with the homogenate of a vitamin A 
deficient rat small intestine prepared by grinding with a 
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Serval omnl-mlxer. Paper chromatographic analysis showed no 
vitamin A formation. A similar experiment with the addition 
of 900 jig of alpha-tocopherol also demonstrated no vitamin 
A formation. 
Separation by Column Chromatography 
The paper chromatographic method of analysis WPS found 
to be unsatisfactory when large amounts of Tweens end bile 
salts remained in the unsaponifieble extract. For this reason 
and because the use of vegetable oils to solubllize carotene 
was planned for future work, a method of separation of vltemin 
A and beta-carotene was needed thet would be accurate in the 
presence of considerable amounts of fatty materials. 
Alumina, magnesia, end calcium hydroxide have been used 
extensively In column chromatography of carotenold pigments 
(86). However, invariably some destruction occurs on the 
column due to irreversible absorption (78). The problem under 
investigation requires quantitative separation of very small 
amounts of vitamin A, several jig, from appreciably larger 
amounts of beta-carotene and efforts were made to develop 
appropriate techniques. 
Preliminary studies 
Alumina No vitamin A was recovered when 10 jig 
samples were passed through columns of Brockman No. 1 alumina. 
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Even the use of capillary columns, 9 mm inside diameter and 
6 cm in length, did not prevent severe loss-
Partial inactivation of the alumina by mixing with water 
(5 and 10# by weight) decreased the absorptive power of the 
alumina to the extent that milligram portions of beta-carotene 
and microgram portions of vitamin A were not resolved. 
Partition chromatography using silica gel A type of 
column chromatography, partition chromatography, offered an­
other means of separation. Purcell (81) has demonstrated the 
separation of carotenold hydrocarbons, monohydroxy caroten-
oids, and polyhydroxy carotenoids from each other. This sep­
aration was accomplished by partitioning between an immobile 
methanol phase absorbed on silica gel and a moving petroleum 
ether phase. 
Vitamin A would be expected to partition as a monohydroxy 
carotenold. This was tested and confirmed as follows. A 
column 1 cm in diameter was packed with silica gel to a height 
of 8 cm. Methanol was allowed to percolate through the column 
by gravity flow. The column was then stoppered and maintained 
under methanol for 1 hour. Fifty ml of Skellysolve A was then 
passed through the column to wash out unabsorbed methanol. 
Two hundred jig of beta-carotene and 10 jig of vitamin A dis­
solved in Skellysolve A were introduced on the column. 
Skellysolve A was passed through the column until 50 ml were 
collected (Fraction l). Fifty ml of 10# ethyl ether in 
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Skellysolve A were then passed over the column (Fraction P). 
Spectral analysis showed that 192 pg of beta-carotene was re­
covered from fraction 1 and 9 jig of vitamin A was recovered 
from fraction 5. Resolution was complete. 
In all subsequent conversion experiments the silica gel 
column was used to separate vitamin A and beta-carotene. 
Analytical methods Vitamin A and beta-carotene frac­
tions from the silica gel column were evaporated to dryness 
under nitrogen, then redissolved in chloroform. Each fraction 
was analyzed speotrophotometrlcally in the Beckman Model DU 
spectrophotometer and colorimetrically by the Carr-Price 
method In the Coleman Junior spectophotometer. 
Beta-carotene was estimated quantitatively from its 
absorption at 463 mji. Vitamin A could not be estimated quan­
titatively from the absorption at 335 mji because impurities 
absorbing In this region were present. The shape of the 
absorption spectrum from 300 to 380 mp was examined and used 
as qualitative evidence to establish the presence or absence 
of vitamin A. 
Colorlmetrlc analyses were performed by reacting 1 ml 
of the chloroform solutions with 9 ml of antimony trichloride 
In chloroform dispensed from a rapid delivery pipette into a 
test tube in the Coleman Junior spectrophotometer. Absorption 
readings were taken 7 seconds after commencement of delivery 
from the pipette. Concentrations of vitamin A and beta-
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carotene were determined from standard curves prepared by per­
forming the operations just described on 1 ml chloroform ali­
quot s of vitamin A and of beta-carotene solutions of known con­
centrations. Figures 9 and 10 represent the standard curves 
prepared for vitamin A and beta-carotene, respectively. 
Conversion studies using intestinal tissue 
Effect of HgOg in homogenates It has been postulated 
(87) that beta-carotene Is oxidized by hydrogen peroxide at 
the central double bond in the first step of the conversion 
to vitamin A. This oxidation has been carried out success­
fully in chemical systems using inorganic catalysts such as 
OsO^ (13). It is postulated that the release of catalase in 
intestinal tissue homogenates does not permit the HgOp accu­
mulation sufficient to oxidize beta-carotene. 
An experiment was performed to test for vitamin A forma­
tion from beta-carotene in the presence of added amounts of 
HgOg to homogenates of small intestines from vitamin A defi­
cient rats. Each homogenate was prepared by grinding a vita­
min A deficient rat small Intestine with 5 ml of Ringer-Locke 
solution. The bulk of the intestine increased the volume to 
slightly over 10 ml after homogenatlon. To the 10 ml of homo­
genate was added 10 ml of 0.1# aqueous Tween 90 which contain­
ed 1 mg of dispersed beta-carotene. Levels of 15, 45, end 
1000 ppm of HgOp were added to separate flasks containing the 
Figure 9. Calibration curve for the estimation of vitamin 
A with the Carr-Price reagent 
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Figure 10. Calibration curve for the estimation of 
beta-carotene with the Carr-Price reagent 
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homogenate mixtures prepared above. The flasks then were 
incubated at 37°C for 30 minutes in a nitrogen atmosphere. 
Following incubation each homogenate mixture was saponified 
30 minutes at 80°C after the addition of 10 ml of 50# 
aqueous KOH and enough ethanol to make the mixture 85# in 
ethanol. After dilution with an equal volume of water, the 
saponificete was extracted with portions of Skellysolve A 
until the extracts were colorless. The Skellysolve extracts 
were combined, washed with water and then dried. Each extract 
was then passed through the silica gel-methanol column. 
Four fractions (Table 4) were collected from the column. 
Each fraction was 50 ml in volume unless the eluant had not 
become colorless. If the eluant was still colored, the volume 
of the fraction was increased beyond 50 ml to the amount 
necessary to elute all colored material in the band emerging 
Table 4. Fractional elution of carotenoids from silica gel 
column (81) 
Fraction Elutlng- solvent Compounds present In eluate 
1 Skellysolve A Hydrocarbons (beta-carotene) 
2 10# ethyl ether 
In Skellysolve A 
Vitamin A and some mono­
hydroxy carotenoids 
3 50# ethyl ether 
in Skellysolve A 
Monohydroxy carotenoids 
4 Methanol Polyhydroxy carotenoids 
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from the column. 
Each fraction was evaporated to dryness under nitrogen 
and redissolved in chloroform. The absorption spectrum of 
each fraction was measured from 300 to 550 mp. The Carr-
Price test also was performed on each fraction. 
The results of these experiments are summarized in Table 
5. These data show that HgOg at all levels tested resulted 
in marked destruction of beta-carotene and no formation of 
vitamin A. 
Table 5. Effect of HgOg added to intestinal tissue 
homogenates on recovery of beta-carotene and 
vitamin A formation 
HgOg Beta-carotene Vitamin A 
added recovered formed 
Flask (ppm) (#) ( jag) 
1 1000 12.1 0 
2 45 18.2 0 
3 15 22.7 0 
The spectra of the fractions show progressive degradation 
of beta-carotene with increasing levels of HgOg. The spectrum 
of fraction 1 in each case was that of beta-carotene. Frac­
tion 3 and fraction 4 indicated that beta-carotene had under­
gone extensive degradation. These fractions show continuous 
decreasing absorption above 300 mji. 
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Fraction 2, which should contain the vitamin A, was the 
most Interesting when examined as a function of H?Og concen­
tration (Figure 11). In the presence of 1000 ppm of HpOg, 
evidence of carotenold maxima above 400 mji had disappeared, 
but at lower levels (45 and 15 ppm of HgOp) absorption maxima 
existed In the 440 to 480 mp range. This evidence suggested 
that oxidation had occurred with retention of a long series of 
conjugated double bonds. 
None of the absorption spectre offered evidence for the 
formation of vitamin A. The Carr-Price test with fraction ? 
from the experiment in which 15 ppm of HgOg was used did show 
a blue color that would amount to the formation of 1 jig of 
vitamin A. However, examination of Figure 11 shows oxygenated 
carotenoids present in this fraction and no spectral evidence 
for vitamin A. Also, the shade of blue in the Carr-Price test 
appeared more characteristic of the blue obtained with caro­
tene than the deeper blue characteristic of vitamin A. The 
results of this experiment failed to demonstrate vitamin A 
formation from beta-carotene incubated with rat intestinal 
homogenates in the presence of varying amounts of HgOp. 
Whole intestine Additional conversion studies were 
performed on excised rat small intestines. Several altera­
tions were made in experimental conditions and metabolite 
preparations: (a) In most of the experiments soybean oil was 
used to eolubllze carotene. (b) The oil was dispersed with 
Figure 11. Absorption spectra of monohydroxy carotenold 
fraction from vitamin A deficient rat small 
intestinal homogenates incubated with beta-
carotene in the presence of varying concentra­
tions (curve 1, 1000 ppm; curve 2, 45 ppm; 
curve 3, 15 ppm) of HgOg 
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Tweens or bile Balte, (o) Glucose was Introduced as an energy 
source In several experiments, (d) An aerobic atmosphere 
(air or Op) was provided, (e) Gamma-tocopherol was substi­
tuted for alpha-tocopherol. 
In the experiments in which soybean oil was used beta-
carotene and gamma-tocophero1 were first dissolved in ether, 
then mixed with the oil. The ether then was removed by 
evaporation under nitrogen. The oil was dispersed in the 
aqueous medium containing the dispersing agent and glucose. 
Dispersion was enhanced by grinding in the Potter-Elvehjem 
homogenizer, but permanent emulsions could not be maintained. 
The resultant mixture, 10 ml in volume, was Injected into the 
excised small intestine at the pyloric juncture after tying 
off the posterior end of the small intestine near the caecum. 
The anterior end was tied off and the intestine Incubated In 
Ringer-Locke solution. Incubation was accompanied by inter­
mittent agitation In order to restore the emulsion. The 
experimental data are summarized in Table 6. 
After incubation the contents were rinsed out of each 
intestine with 90 ml of Ringer-Locke solution. The contents 
and the tissue were analyzed separately for vitamin A and 
beta-carotene. Saponifications were performed for 30 minutes 
at 80°C in ethanollc KOH. Four fractions were eluted from 
the silica gel column and analyzed speotrophotometrlcally and 
by the Carr-Price test as described in the previous experl-
Table 6. Conditions for in, vitro studies with excised intestines 
Incubation 8 Carotene Gamma-
Experl- Time Temp. Oil added Dispersant tocopherol Glucose Atmosphere 
ment (min) (°C) (ml) (mg) T#) (mg) ( $ 
1 30 37 1 0.1 Tween 20 1 air 
2 60 40 1 2.5 0.01 bile salts air 
3 60 39 1 4 3 bile salts air 
4 50 39 1 3 5 Tween 80 6 air 
5 75 39 1 5 5 Tween 80 8 0.1 °9 
6 60 37 1 5 5 Tween 80 8 0.1 Op 
?b 60 39 1 1 10 Tween 80 8 0.1 Op 
^Soybean oil. 
^Conditions for each of five intestines that subsequently were combined for 
analysis. 
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ment. 
The results tabulated In Table 7 show that vitamin A was 
Identified In one experiment. In this experiment the ultra­
violet absorption spectrum was measured In the Skellysolve-
ether fraction taken from the column (fraction 2). A flatten 
ed shoulder was found in the 325 mji region where vitamin A 
Table 7. Results of in vitro studies with excised intestines 
Experi­
ment 
Vitamin A 
in wall 
(pg) 
Vitamin A 
In contents 
(fg) 
Carotene 
in wall 
(pg) 
Carotene 
In contents 
(yg) 
1 0 0 1 90 
2 0 0 — 124 
3 0 0 24 148 
4 0 0 5 160 
5 0 0 8 740 
6 0 n 8 536 
7S 4 V 25 — — 
aAnalysis of a combination of five intestines. 
absorbs maximally• However, absorption increased as wave­
length decreased below 320 mji. This evidence suggested the 
presence of vitamin A along with considerable amounts of 
impurities, but was by no means conclusive identification of 
vitamin A. 
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The Carr-Price test then was performed on this fraction 
after evaporation to dryness under nitrogen and redissolving 
in chloroform. The Carr-Price test gave the characteristic 
blue color indicative of vitamin A. Caution must be exercised 
in interpreting this evidence since higher homologues of vita­
min A, apo-carotenols, also form a blue complex with antimony 
trichloride. (Beta-carotene itself was eliminated from this 
fraction by chromatography.) 
In this experiment the ultraviolet absorption spectrum 
declined rapidly as wavelength increased beyond 330 mji. In 
fact, the absorption spectrum was typical of vitamin A beyond 
330 mji. This fact eliminated the possibility of identifiable 
levels of compounds, such as the apo-cerotenols, which have 
absorption maxima beyond 330 mp. Thus, the evidence obtained 
from the results of the two methods of analysis strongly sug­
gested that vitamin A was present. 
The conditions under which this experiment was performed 
were different than conditions of the early experiments and 
slightly different than those for the other experiments tabu­
lated in Table 6. The substrate, beta-carotene. was solubil-
ized in soybean oil and the oil was dispersed in 10# aqueous 
Tween 80, the highest concentration of dispersing agent used 
in any experiment. An antioxidant, gamma-toooohero1. and an 
energy source, glucose, were provided and the incubation was 
conducted under oxygen. 
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Five intestines were incubated under the conditions 
specified in experiment 7, Table 6. These five intestines 
were pooled before analysis. Since 4 pg of vitamin A were 
identified by the Carr-Price test, the average vitamin A 
formation per Intestine was 0.8 pg. It is possible that in 
the Immediately preceding experiments, which were performed 
under similar conditions with one intestine, amounts of 
vitamin A could have been formed that were less than 1 pg 
and escaped detection. 
The results (Table 7) indicate that beta-carotene 
destruction was extensive in all experiments and that in only 
one experiment was vitamin A formation detected. Vitamin A 
was identified in the intestinal wall but not in the intes­
tinal contents. 
There was very little carotene in the intestinal wall and 
this did not correlate with the total carotene Introduced 
into the intestine. It Is possible that some or all of the 
small amounts of beta-carotene found in the intestinal wall 
were present because of incomplete washing of the contents 
from the intestine. 
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DISCUSSION 
Evaluation of Methods of Analysis 
Three methods were tested for effectiveness of analysis 
for vitamin A in extracts from intestinal tissue containing 
lipids and considerable amounts of added beta-carotene and 
emulsifying agents. An Interpretation of the findings and an 
evaluation of the usefulness of each method are discussed 
below. 
A method for analyzing for vitamin A by destroying the 
vitamin with ultraviolet Irradiation was described by Little 
(88) and successfully applied to vitamin A analysis in serum 
by Bessey et al. (73). The procedure for applying this method 
is outlined in the "Methods11 section of this thesis. 
The accuracy of this destructive irradiation method de­
pends on two conditions. First, vitamin A must be sufficient­
ly degraded by Irradiation so that the absorption spectrum of 
the vitamin A degradation products produced by irradiation 
treatment displays little or no absorption above 300 mji. 
Secondly, no other light sensitive materials that change in 
absorption capacity in the region of the vitamin A absorption 
maximum, 398 mp, may be present with vitamin A. 
If these conditions hold, the difference spectrum obtain­
ed by subtracting the post-irradiation spectrum from the pre-
lrradiatlon spectrum will give the true vitamin A absorption 
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spectrum. This le true because the pre-irradiation spectrum 
will be composed of vitamin A absorption plus absorption of 
other compounds In the solution. The post-lrradlatlon 
spectrum will be composed only of the absorption of the other 
compounds since absorption of these was unchanged by the 
irradiation treatment while the absorption of vitamin A was 
reduced to zero. 
Once the validity of these two conditions is established 
vitamin A may be estimated by merely taking the absorption 
difference between the pre- and post-irradiation spectra at 
the absorption maximum for vitamin A. 
The first condition was tested and confirmed for solu­
tions of.vitamin A subjected to Irradiation (Table 1). The 
results show vitamin A absorption destruction to be 95# after 
20 minutes of Irradiation. Figure 1 depicts the absorption 
spectrum (pre-irradlatlon spectrum) and difference spectrum 
of vitamin A. It can be seen that the difference spectrum is 
almost superimposed on the absorption spectrum in the region 
of maximum absorption. Thus, the method is capable of vitamin 
A estimation within several percent of the true value. This 
compared favorably to most methods of analysis because these 
methods require additional purification steps where losses 
occur. 
In experiments on the conversion of beta-carotene to 
vitamin A substantial amounts of the substrate, beta-carotene. 
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are required. If conversion efficiency is not high beta-
carotene will be present in the non-saponifiable extract with 
vitamin A. Furthermore, beta-carotene is destroyed by irra­
diation. In order to satisfy the second condition it is 
essential that beta-carotene destruction does not alter 
absorption in the region of the vitamin A absorption maximum 
at 328 mp. 
The results from irradiated solutions of beta-carotene 
are contained in Table 1 and the spectra are depicted in 
Figure 1. These demonstrate considerable destruction of ab­
sorption by beta-carotene in the region of maximum absorption 
(453 mji) but no change in absorption in the region of the 
vitamin A absorption maximum (328 mji). Also Table 1 and 
Figure 1 show that when a solution containing both vitamin A 
and beta-carotene was Irradiated, beta-carotene destruction 
had no effect on the difference spectrum in the critical 
region of the vitamin A absorption maximum, 328 mp. There­
fore, the conclusion was drawn that the presence of beta-
carotene does not invalidate this destructive irradiation 
method as a means of estimating vitamin A. 
The applicability of the destructive irradiation method 
was further examined to make certain that the minute amounts 
of vitamin A present in non-deficient rat intestine could be 
identified. Curves 1 and 3 (in Figure P) were obtained in 
this study. Both curves approximate the absorption spectrum 
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of vitamin A. These results suggest that the destructive 
irradiation method is applicable to the measurement of normal 
Intestinal levels of vitamin A. 
The absorption difference spectrum (curve P) of the ex­
tract from a normal rat intestine incubated with beta-carotene 
also Is shown in Figure P. The absorption maximum region has 
been broadened to extend from 330 mji to 340 m/i. Vitamin A has 
a narrow absorption maximum region In kerosene-xylene (l:l) 
from 3P8 to 330 mji. A els Isomer of beta-carotene, however, 
has an absorption peak at 340 mji (8P). Moreover, the absorp­
tion of the els isomer Is destroyed by irradiation (83). 
All-trans beta-carotene was used as the substrate In the 
present work end the saponification of the gut was performed 
at a refluxlng temperature of 80°0. At this temperature some 
els inversion undoubtedly occurred (8P) leading to an over-
estimation of vitamin A. To prevent els Inversion of beta-
carotene saponification must not be done at reflux tempera­
ture . 
This limitation severely reduced the convenience of this 
method of analysis. Saponification at lower temperatures was 
found to be less complete and, due to the presence of signifi­
cant amounts of emulsifying agents, extraction of the non-
saponlflable fraction was made more difficult because of the 
formation of stable emulsions. 
The destructive Irradiation method was then investigated 
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as a means of analyzing for vitamin A formed from beta-
earotene in vitamin A deficient ret intestine. Rosenberg and 
Sobel (71) had found in vitro formation of vitamin A of more 
than 4 jjg per intestine by this method of analysis. The 
procedure of Rosenberg and Sobel was followed except that 
the carotene substrate was Injected directly into the excised 
anterior end of the small intestine after ligation and ex­
cision of the posterior end rather than by stomach tube fol­
lowed by squeezing Into the Intestine. This modification was 
made because Thompson et al. (3.3) had reported observable 
levels of In vivo conversion in 15 minutes after oral dosage. 
Also, controls Incubated in the absence of carotene were 
tested whereas Rosenberg and Sobel did not report controls. 
The difference absorption spectra (Figure 3) obtained 
from the non-saponifiable extracts of two vitamin A deficient 
intestines incubated with carotene (0^ and C?) and two intes­
tines incubated without carotene (B^ and B9) deserve comment. 
It appears that vitamin A formation occurred in the Intestines 
Incubated with carotene although the spectrum of is not 
representative of vitamin A In the 3^0 to 3*5 mp region. How­
ever, Inspection of one of the blank determinations, Bo, 
shows a curve that appears an exact replica In contour of C^. 
Analysis of other vitamin A deficient rat intestines with no 
additives showed Bp type difference spectra. The light sensi­
tive material then Is present In the Intestine and not a 
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degradatopy product of Tween op alpha-tocopherol. None of the 
pat inteetlnee analyzed that were not vitamin A deficient 
showed this phenomenon. Thus, it appears that the material 
with a light sensitive vitamin A-like spectrum erises in 
vitamin A deficient rat intestine. 
The presence of this "pseudo vitamin A" does not satisfy 
the second condition described above. With another material 
present displaying an absorption difference spectrum similar 
to vitamin A, the difference between the pre- end post-
irradiation spectrum at 328 mp. can not be taken as evidence 
of vitamin A formation. The conclusion then is that the dif­
ference spectrum method of analysis for vitamin A is not 
feasible for conversion studies of beta-carotene to vitamin A 
by vitamin A deficient ret intestine. 
This conclusion does not support the findings of Rosen­
berg and Sobel (7l) but does support the evidence presented 
by Rogers (74). He found that a compound with a vitamin A-
11ke spectrum exists in vitamin A deficient rat intestine and 
may be distinguished from vitamin A by chromatography. 
The Carr-Price reagent (antimony trichloride in chloro­
form) has been the most used and most highly regarded method, 
aside from biological assays, of estimating vitamin A. How­
ever, carotenes as well as vitamin A form a blue complex with 
the Carr-Price reagent. Carotenes may be estimated also by 
the absorption spectrum at 450 mji and the amount found by this 
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method subtracted from the results of the Carr-Price colori-
metrio test. However, when large amounts of carotene and only 
small amounts of vitamin A are present better accuracy can be 
obtained by separating carotene from vitamin A before colori-
metrlc analysis. 
Paper chromatographic methods offer a good means of 
separating minute amounts of compounds. In conversion 
studies, however, because of the poor conversion ratio, sub­
stantial amounts of carotene are present but only small 
amounts of vitamin A. Thus a paper chromatographic method 
with widely differing Rf values for carotene and vitamin A 
is required in order to resolve the two compounds when con­
siderable amounts of carotene are present. The paper chroma­
tographic separatory method of Kaiser and Kagan (80) looked 
particularly applicable to this problem because by this method 
beta-carotene, the component present in comparatively large 
amounts, does not move while vitamin A moves at the solvent 
front. 
The results reported in the previous section confirmed 
this method to be an effective one for separating vitamin A 
from beta-carotene without loss due to decomposition providing 
the following modifications were made: (a) The chromatogram 
should be developed in a nitrogen atmosphere in the absence of 
light (Figure 8). (b) Alpha-tocophero1 dispersed in Tween ?0 
should be applied with vitamin A at the chromatogram origin. 
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(o) The developed chromatogram should be dried In a stream of 
nitrogen rather than In a stream of hot air. 
The effectiveness of the paper chromatographic method 
was reduced, however, in experiments In which large amounts 
of emulsifying agents (Tweens and bile salts) end oils were 
used. It was practically Impossible to saponify completely 
enough to prevent large quantities of these substances from 
being extracted Into the non-saponlflable fraction. The re­
sult was that when the Skellysolve solvent was evaporated 
vitamin A and carotene remained solubillzed In several drops 
of oil or Tween. The oil residue spread readily when applied 
to the paper chromatogram forming a large spot at the origin 
from which the pigments were not resolved. Thus, a paper 
chromatographic separation of carotene and vitamin A is not 
feasible in the presence of large amounts of lipoid material 
unless saponification followed by extraction is repeated sev­
eral times. It would seem preferable to avoid repeated sapon­
ification, If possible, when attempting to recover labile 
compounds such as carotene and vitamin A. 
Separation of beta-carotene and vitamin A by partition­
ing between Skellyeolve A and methanol on a silica gel column 
was found to be superior to other methods investigated. This 
procedure was simple to perform. The time required to sep­
arate the non-saponlflable extract into four fractions was of 
the order of 1 hour whereas paper chromatography in a non-
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equilibrated system required 19 to 94 hours. The percent re­
covery of beta-carotene and vitamin A was 90% or better. 
Separation of these two components was complete. 
A criticism that might be leveled at this method of 
separation is that other monohydroxy cerotenold products 
besides vitamin A would not be separated from vitamin A on 
the column. Although this is true, other monohydroxy beta-
carotene degradation products have not been isolated from 
animal biological systems except for the report by Glover end 
Redfearn (ll) on findings of Festenstein. If compounds of 
this type, such as the apo-carotenols, are present, they can 
be identified readily by their absorption spectra. 
The findings during the course of conversion studies re­
ported herein have led to the development of the following 
procedure for purification and estimation of vitamin A formed 
from beta-carotene incubated with intestinal tissue. 
After Incubation the contents of the Intestines pre 
rinsed out with 10 ml of 0.9# NaCl. The intestinal tissue 
is then saponified in the presence of excess 55% aqueous KOH 
and enough ethanol to make the mixture 85% in ethanol. The 
mixture Is refluxed 30 minutes (reflux temperature should be 
near 80°C). The mixture Is then diluted with an equal volume 
of water and extracted with 50 ml portions of Skellysolve A 
until the extract is colorless. The extracts are then com­
bined and washed with water until the washings no longer turn 
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pink with phenolphthaleln. The extract le dried over eodlum 
sulfate and evaporated under nitrogen to » volume of approxi­
mately 60 ml. The extract is then passed through a silica 
gel column containing absorbed methanol (prepared as outlined 
in the previous section). Fifty ml of Skellysolve A pre 
passed through after the extract and collected in the same 
fraction (this fraction contains recovered beta-crrotene). 
Fifty ml of 10# ethyl ether in Skellysolve A are then passed 
through the column and collected as the next fraction (this 
fraction contains vitamin A). (Fractions containing poly-
alcohol carotenolds can be eluted according to the procedure 
described in the previous section.) The vltpmln A fraction is 
then evaporated to dryness under nitrogen and taken up In 3 
ml of chloroform. The spectrum of the solution is measured 
from 300 to 500 nyi with the Beckman model DU spectrophotometer 
or the Gary Recording Spectrophotometer. One ml of the 
chloroform aolutlon is then reacted with 9 ml of the Carr-
Price reagent In a test tube contained in the Coleman Junior 
spectrophotometer. The absorbancy is measured at a wavelength 
setting of 6P0 mji. The contents are analyzed by the same pro­
cedure . 
By use of this procedure vitamin A can be separated from 
beta-carotene and polyoxygeneted degratiatory products of caro­
tene. Two methods of analysis confirming one another serve 
to affirm the presence of vitamin A when it is identified. 
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One method alone offers much less certainty. 
The danger of analyzing for vitamin A by an Inconclusive 
method was emphasized as early as 193» by Woolf and Moore 
(P5) and again by Blerl and Pollard (7P) In 1953 and Rogers 
(74) in 1957. All these workers, by applying more careful 
methods of analysis, were unable to confirm the results of 
earlier workers that had led to claims of in vitro conversion 
of beta-carotene to vitamin A. 
Uncertainties In various analytical techniques should 
be recognized. The Carr-Price colorlmetrlc test forms blue 
complexes with carotenolds as well as with vitamin A. The 
ultraviolet spectrum (in all cases examined) contained Im­
purities absorbing In the region of the vitamin A absorption 
maximum, 335 mp In chloroform, to the extent that small 
amounts of vitamin A absorbed enough only to form a shoulder 
on the curve that was descending sharply as wavelength In­
creased. Thus, without further purification vitamin A can be 
estimated only qualitatively from the absorption spectrum. 
A combination of the two analyses lends greater sig­
nificance to the identification of vitamin A if the follow­
ing line of reasoning is valid. It is postulated that limited 
oxidative degradation of beta-carotene leads to the formation 
of mono- and poly-apo-carotenols. Acids, if formed, would 
not be extracted into the non-saponlflable extract. The find­
ings of Glover et al. (17) indicate that aldehydes formed are 
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quickly reduced to alcohols In Intestine as well as other 
body tissue, probably due to the action of alcohol dehydro­
genase. The non-saponlflable extract should contain then 
only carotenold degradation products that are mono- and poly-
alcohols. The partition column chromatographic procedure 
separates the mono-alcohols from the poly-alcohols. 
The absorption spectrum of the mono-alcohol fraction 
should indicate only apo-carotenols and vitamin A resulting 
from beta-carotene degradation. The lonp chain apo-carotenols 
have absorption maxima beyond vitamin A where Irrelevant 
absorption is less. The presence of small quantities of these 
apo-carotenols would be reflected by a rise in absorption at 
wavelengths beyond 330 mji and less than 500 mji. 
Thus, when by the foregoing procedure the characteristic 
blue color Indicative of vitamin A is obtained from the Carr-
Price color test and the absorption spectrum shows evidence 
of vitamin A but not of apo-carotenols, the evidence for 
vitamin A formation is strong. 
The Conversion Problem 
The ultimate goal of conversion studies reported here 
and by others as well was to Isolate a biochemical system of 
known components capable of converting beta-carotene to vita­
min A and to determine the mechanism of conversion by studies 
with the isolated system. Although little progress has been 
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made with in vitro conversion studies, speculations have been 
tendered proposing the mechanism of conversion. 
In 1931, Karrer et &1. (10, 89) suggested that beta-
csrotene Is cleaved symmetrically by addition of two mole­
cules of water at the central double bond to give two mole­
cules of vitamin A alcohol. This "hydrolytic central fission" 
process is now unattractive biochemically (4) and a specific 
"beta-carotenase" enzyme such as the one reported partially 
purified by Olcott and McCann (?0) would not be expected today 
to do more than catalyze the first step in the conversion 
process. 
In 1946, Hunter (87) suggested the initial step was by 
oxidative attack at the central double bond forming first 
vitamin A aldehyde with subsequent reduction to the alcohol. 
Chemical conversions with hydrogen peroxide (13, 16) gave 
weight to this hypothesis as did the finding (17) that vitamin 
A aldehyde was rapidly reduced to the alcohol on entering the 
gut wall. 
In 1943, Glover and Redfearn (ll) proposed thet initial 
oxidation occurs at a terminal double bond and then proceeds 
by a process of beta oxidation until vitamin A aldehyde is 
formed. Oxidation proceeds no further because vitamin A 
aldehyde has a methyl group in the beta position. These 
workers also found that vitamin A was formed in vivo in 
vitamin A deficient rats when apo-carotenols (higher homo-
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logues of vitamin A) were fed to vitamin A deficient rate. 
Later work by Glover and Fatakerley (90) and Redfearn (91) 
showed thet a higher homologue of vitamin A, Gp@, also with 
a beta methyl group was converted to vitamin A. This lead 
Glover and Fazakerley to suggest that an enzyme system, which 
removed five terminal carbons as a unit, wee available. 
A conclusive answer as to which, if any, of these pro­
posals depicts the means by which vitamin A is formed from 
beta-carotene does not appear to be forthcoming from In vivo 
experimentation. One reason for this opinion is that inter­
mediates between beta-carotene and vitamin A have not been 
detected, except for one finding that of two unidentified 
carotenolds in horse intestine. Glover end Redfearn (11) 
point out that these compounds have identical spectroscopic 
and chromatographic properties to two apo-carotenals. Aside 
from this, beta-carotene dosages heve yielded only vitamin A 
along with undegraded beta-carotene. It appears then that 
the initial attack may be a slow conversion step end thet 
once the initial step has occurred succeeding steps could 
occur rapidly until vitamin A is formed. If this is correct, 
mechanism elucidation through isolation and identification 
of intermediates successively formed during the in vivo 
conversion process does not appear to be likely. 
Radioactive labeling of the beta-carotene or other pro­
vitamin carotenoid molecules does not offer an easy solution 
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to the problem. There Is no position or positions at which 
a carotene could be labeled which would distinguish between 
centre1 fission or stepwise degradation from one end merely 
by examining the sites of labeling and activity of the re­
sulting vitamin A. 
Yields of vitamin A should distinguish between central 
cleavage (two molecules of vitamin A per bgta-carotene mole­
cule) and stepwise degradation from a terminal double bond 
(one molecule of vitamin A per molecule of beta-carotene). 
The weight of evidence favors the 1:1 conversion ratio (9?). 
The International Standard sets 0.6 yg of beta-carotene 
biologically equivalent to 0.3 jug of vitamin A. Two labora­
tories, however, have reported 9:1 conversion in the presence 
of tocopherol (79, 93). 
Other explanations can account for no better than a 1:1 
conversion ratio even if central fission occurs. Lack of 
absorption accounts for the loss of some beta-carotene. 
Severe degradation accounts for other losses. Wilimer and 
Laughland (94) and Krause and Sanders (95), after dosing rats 
with randomly labeled beta-carotene and analyzing at various 
times, found considerable activity in other fractions besides 
the non-sapbnifiable fraction. These results were confirmed 
in this laboratory where it was found that radioactivity was 
located in the fatty acid, cholesterol ester, and neutral 
fractions as well as the non-saponlflable fraction. 
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In view of the difficulties encountered In designing In 
vivo experiments capable of giving conclusive evidence of the 
conversion mechanism, the in vitro approach seemed the better 
one end was undertaken in this investigation. Isolation of 
the system involved should answer the problem as to whether 
a specific enzyme "carotenase" exists and converts beta-
carotene by central cleavage to vitamin A or whether a series 
of enzymes that perform other functions, such as the enzymes 
that degrade fatty acids by beta oxidation, also convert 
carotene to vitamin A by a similar process. 
The experimental plan was to establish conditions such 
that conversion of beta-carotene to vitamin A would be accom­
plished first in excised whole intestine, then in tissue hotno-
genates, and finally in homogenete fractions. Only in the 
final experiment with whole intestine was vitamin A formation 
observed; the amount found was very small. Homogenate con­
version of beta-conversion to vitamin A was not accomplished. 
Results obtained during the course of this investigation will 
be discussed with regard to important controlling conditions 
of jji vitro experiments. 
Most in. vitro conversion studies have been performed 
under nitrogen, presumably to simulate anaerobic conditions 
in the lumen of the small intestine and also in homogenate 
experiments to protect beta-carotene from atmospheric oxida­
tion. Atmospheres of nitrogen, air, and oxygen were used 
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during the course of this investigation. In one experiment 
(Figure 3) some evidence of conversion wes obtained with a 
nitrogen atmosphere. However, since the results were obtained 
by the destructive Irradiation method of analysis the evidence 
of conversion is of doubtful value. In no other case was 
evidence of vitamin A formation obtained with Incubation under 
a nitrogen atmosphere. 
More definite evidence of conversion was obtained in an 
experiment performed under an oxygen atmosphere (see experi­
ment 7, Table 7). This work, however, does not establish the 
requirement of an oxygen atmosphere for In vitro vitamin A 
formation or the role of the atmosphere in the conversion 
process. It may be that certain physiological processes 
essential to the conversion process that take place In vivo 
can operate in vitro for a short time in the presence of 
oxygen to produce low levels of vitamin A. 
In various experiments aqueous Tweens and bile salts 
were used as dispersing agents for beta-carotene. In addi­
tion, a commercially prepared water-dispersible beta-carotene 
was tested. Tweens also were used to disperse soybean oil In 
which beta-carotene had been solubillzed; the only method 
thet produced evidence of conversion. 
The dispersing agent most used by previous investigators 
has been one of the Tweens. Since one group of investigators 
(45) has reported toxicity due to Tweens, a study was per­
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formed to correlate Tween concentration with degree of dls-
persibility of beta-carotene (see Figures 6 and 7). It was 
found that degree of dlsperslblllty Increased with Increas­
ing Tween concentration, although the rate of Increase of 
carotene dispersion varied markedly at different Tween con­
centrations. Only a minute increase in dispersion was found 
as Tween concentration was increased from 0.05# to 0.5# but 
marked increases in carotene dispersion were observed as 
Tween concentration was increased at other levels. Possibly 
the critical micelle concentration of the aqueous Tween system 
is near 0.05# Tween. 
Later findings (experiment 7, Table 6) suggested that 
conversion was promoted at a much higher Tween concentration 
(10#). In this experiment, however, the beta-carotene was 
solubillzed in oil and the oil dispersed in small globules 
in the high Tween concentration. It is likely, considering 
the results Indicating conversion, that this method of dis­
persion presented the metabolite beta-carotene for absorption 
by the intestinal wall more adequately than other methods. 
In all experiments only small amounts of carotene were 
recovered from the intestinal wall, indicating poor absorp­
tion of the provitamin. It is possible that failure to solve 
the problem of presenting a water Insoluble substrate In an 
aqueous system in a manner so that it can be absorbed by the 
gut wall or acted upon by an enzyme system without inhibiting 
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the enzyme system accounts for the failure to achieve in vitro 
conversion. 
Other factors which may influence conversion of beta-
carotene to vitamin A were tested and varied during the In­
vestigation. Antioxidants, either alpha or gamma-tocopherol, 
were used in conjunction with beta-carotene in most experi­
ments to preserve carotene from non-specific oxidation during 
incubation. Incubation times were varied from 20 minutes to 
2 hours and incubation temperatures varied from 37°0 to 45°C. 
Glucose was provided as an energy source in several experi­
ments. 
Evidence for conversion was obtained when the beta-
carotene substrate, solubillzed In soybean oil dispersed by 
Tween 80 in Ringer-Locke solution, also contained gamma-
tocopherol and glucose. Intubation was conducted 1 hour et 
39°C under oxygen in a bath of Ringer-Locke solution. Peri­
staltic action continued throughout the Incubation period. 
All other combinations of cofactors and conditions re­
ported in the experimental section did not give convincing 
evidence of vitamin A formation. However, further work is 
needed to establish whether the low level of conversion ob­
served, 0.8 jag per intestine, can be effected in the absence 
of or alteration of any of the conditions listed above. 
Homogenates of rat intestine were prepared by several 
methods and incubated with beta-carotene dispersed in Tweens 
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or bile salts In aqueous systems of Ringer-Looke solution or 
phosphate buffers. Additives such as alpha-tocopherol. 
albumen, and HgOg were tested. Incubations were conducted 
for 20 minutes to 2 hours at temperatures from 37°C to 45°C 
under atmospheres of nitrogen or air. No evidence was ob­
tained for vitamin A formation in any of the experiments. 
In vivo conversion of beta-carotene to vitamin A 
approaches a 1:1 conversion ratio as the values for bio­
logical potency of each established as an International 
Standard shows. In vitro reports of conversion have been at 
a very low level (several jag). Moreover, the validity of the 
analytical method used has been questioned by later workers 
unable to repeat the results (see Literature Review). Evi­
dence for conversion obtained in one experiment during the 
course of this investigation, like others, showed very poor 
conversion efficiency (1:500). Work in this investigation 
with tissue slices (unreported) and homogenates did not 
demonstrate vitamin A formation. 
Obviously factors present in the in vivo system have not 
been properly duplicated in the in vitro system* Inadequate 
subdivision of beta-carotene in an aqueous system could be 
the causal factor for the extremely limited conversion. Olson 
(77) has recently suggested that a specific requirement of 
sodium glycocholate is necessary for conversion of carotene 
to vitamin A, but his results with sodium glycocholate show 
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vitamin A formation at less than 1 jug. 
It may be that the factors necessary to promote vitamin 
A formation from beta-carotene In the living animal are rapid­
ly depleted in the in vitro system. The findings of Sibbald 
and Hutcheson (39) that blood supply to the intestinal tract 
was essential to conversion in vivo but that continuity of 
the tract was not required suggested that the blood may fur­
nish the needed factors. However, Intestinal homogenates in­
cubated in blood did not effect conversion. 
Conversion reported in the experimental section of this 
thesis took place in vitro but In a whole excised small in­
testine manifesting peristaltic action and provided with an 
energy source and an oxygen atmosphere. The small amount of 
conversion observed in this metabolizing environment could be 
due to short-time duplication of a complex series of essential 
relationships in the living animal. In vitro conversion in 
cell-free homogenates may be a long step from in vitro con­
version in such a pseudo "living" intestine. 
It is still not known whether a specific "carotenase" 
enzyme exists or whether a multiple enzyme system is required 
to form vitamin A from beta-carotene. Conversion studies 
(Figure 3) with rats not deficient In vitamin A did not give 
evidence of conversion and hence did not suggest that the 
converting enzyme system is an inducible one. 
The first step of progress In future work should be an 
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Improvement In the in vitro ratio of conversion of beta-
carotene to vitamin A. Vitamin A formation above the micro­
gram level is necessary before confidence can be developed 
that the essential factors for the conversion process are 
available for Isolation. This appears necessary notwith­
standing the fact that experimental evidence is weighty on 
the testing of cofactors to promote conversion In in vivo 
and in vitro systems, but has not established any essential 
cofactors as yet (see Literature Review). 
Results obtained in this investigation suggest that con­
version studies should be attempted with variations on a 
substrate containing oil solubillzed, Tween dispersed beta-
carotene along with an antioxidant and an energy source 
incubated in an oxygen atmosphere. 
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SUMMARY 
Experiments were performed on the in vitro conversion of 
beta-carotene to vitamin A by excised vitamin A deficient rat 
small intestine and homogenates thereof. In conjunction with 
these experiments methods of purification and analysis of 
microgram quantities of vitamin A were tested. 
An in vitro conversion experiment which gave evidence of 
low level (0.8 pg per intestine) vitamin A formation was per­
formed under the following conditions. Beta-carotene and 
gamma-tocopherol were solubillzed in soybean oil and the oil 
solution was dispersed in 10# Tween 80 in glucose-containing 
Ringer-Locke solution. The resultant mixture was incubated 
in excised vitamin A deficient rat small intestine for one 
hour at 39°C under an oxygen atmosphere. 
In this and other experiments a number of additives were 
presented with beta-carotene In an attempt to promote vitamin 
A formation. Among those tested were various Tweens, bile 
salts, and a water-dispersible gelatin preparation of beta-
carotene, alpha- and gajana-tocopherols, albumen, hydrogen 
peroxide and glucose. Incubation baths were usually com­
posed of Ringer-Locke solution. Incubation times and temper­
atures were varied and atmospheres of nitrogen, air, and 
oxygen were tested. Under no set of conditions, except those 
specified above, was vitamin A formation in whole Intestine 
detected. 
118 
Intestinal homogenates were prepared In crushing-type and 
cutting-type tissue homogenizers and by pulverizing after 
freezing In liquid nitrogen. These homogenates were Incubated 
In Ringer-Locke solution and In phosphate buffers with beta-
carotene and combinations of the additives and conditions 
listed above. In no case was vitamin A formation effected 
by homogenates. 
Several methods of purification were tested extensively. 
The destructive Irradiation method of vitamin A estimation was 
found to be unreliable for conversion studies with vitamin A 
deficient ret Intestine. A light sensitive material extracted 
Into the non-saponlflable fraction, and with a difference 
spectrum similar to that of vitamin A, was found in vitamin A 
deficient rat Intestine. 
A paper chromatographic procedure was developed that 
separated vitamin A from beta-carotene without loss due to 
decomposition. However, this method of separation was found 
to be infeasible in the presence of the quantity of lipoid 
material thet was taken Into the non-saponlflable extract 
in conversion experiments in which dispersing agents were 
used. 
A method of analysis was developed that met the problems 
imposed by vitro conversion studies of carotene to vitamin 
A and gave reliable estimations of vitamin A at the microgram 
level. By this method vitamin A was separated from beta-
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carotene and most carotene degradation products In the non-
saponlflable extract by partition chromatoprephy on a silica 
gel column containing absorbed methanol. On the purified 
vitamin A fraction it was necessary to measure the absorption 
spectrum and perform the Carr-Price color test as well in 
order to achieve a clear-cut quantitative estimation. 
A study on the dispersion of carotene in Tween as a 
function of Tween concentration showed that degree of dis­
persion of carotene increased, but not linearly, with Tween 
concentration. A Tween concentration range was located in 
which change in degree of dispersion of carotene was minimal. 
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